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Processing Unit Models D25 and D26 
Theory—Maintenance Diagrams 


PREFACE 


This manual contains the theory of operations, maintenance 
diagrams, and service information for the 1BM 5415 
Processing Unit Models D25 and D26. All references to 
Model 15D mean Models 15 D25 and 15 D26. 


The Models 15 D19 through 15 D24 have a maximum of 
256K bytes of storage, while the Models 15 D25 and 15 
D26 have 384K and 512K bytes of storage respectively. To 
handle the additional storage, the Models 15 D25 and 15 
D26 have the following changes: 


@ Replacement of the > 64K and > 128K ADDR BITS 
toggle switches with an eight-position rotary switch to 
provide a > 256K selection. 


@ Addition of a> 256K PH latch and circuit. 
@ Addition of a 19th bit circuit to condition SAR bit E13. 


-® Replacement of the roller drum to include an 1/0 > 
256K position. 


The Model D processing unit includes fast | cycle process- 
ing, a maximum of 512K bytes of main storage, and 
3340/3344 disk drives. Refer to SY31-0367 for informa- 
tion about 5415 Models A and B, SY31-0417 for informa- 
tion about 5415 Model C, or SY31-0464 for information 
about 5415 Models D19 through D24. 


' A 16-bit ALU was added to the Model D CPU for fast | 
cycle processing and is referred to in this manual as the 
auxiliary (aux) ALU. Wherever just ALU is used, it refers 
to the original Model 15 ALU. 


First Edition (November 1977) 


This manual is intended for use by GSD customer engineers 
for use in the classroom and for recall when servicing in a 
free-lance mode. 


The manual gives an explanation of the logical circuit func- 
tions and major objectives. With this information, the CE 
can interpret the operation of circuits illustrated in the 
companion diagrams. y 


Machine operations are presented in operational flowcharts, 
most of which are two-/eve/. The general flow path indi- 
cated by the heavy line of the two-level charts shows the 
major objectives of an operation or instruction. Detailed 
flow paths of major objectives are to the right of the general 
flow path. 


Positive-logic diagrams support the operational flowcharts. 
They show logical circuit operation without regard to signal 
levels. Most of the logic diagrams in this manual are not 
block for block representations of ALDs (automated logic 
diagrams). Rather, only blocks necessary for a logical 
understanding of the operation are shown. 


For machine characteristics and installation instructions, 
refer to the /BM System/3 Installation Manual—Physical 
Planning, GA21-9084. 


Changes are continually made to the specifications herein; any such change will be 


reported in subsequent revisions or technical newsletters. 


Address comments concerning the contents of this publication to {BM Corporation, 
Publications, Department 245, Rochester, Minnesota 55901. Comments become the 


property of (BM. 


©Copyright International Business Machines Corporation 1977 


SAFETY 
Personal Safety 


Read and follow the safety suggestions in the CE 
Safety Practices Manual, S229-1264, a pocket- 
sized card issued to all IBM customer engineers. 


Remember: 


e Loose clothing can become entangled in moving 
parts of the machine. 


e Drive belts, because of their internal cable con- 
struction, can cause serious injury. DO NOT 
crank a machine by pulling on the drive belts. 


e@ Heat sinks are at an electrical potential. DO 
NOT short heat sinks to each other or to the 
machine side frame. 


e Always unplug machine power and wait ONE 
FULL MINUTE before attempting repairs or 
adjustments in the power supply area. 


e Voltages developed in the resonant circuit of 
regulating power supplies are apt to be much 
greater than the line voltages. 


e Follow the specific safety precautions that ac- 
company many of the adjustment procedures 
in this manual. 


Be aware that an |1/O device motor and/or clutches 
can operate unexpectedly. Conditions that could 
cause this are: 


e Program commands. 


e Loss of dc voltage to a machine, gate, board or 
chassis, card, or pin. 


e Removing or inserting a card or cable. 


ey, : 


he 
e@ Probing and accidentally shorting a pin. 


Equipment Safety 
Electrical 


Always replace blown fuses with fuses of the same 
type and rating. Using fuses of a different type or 
higher rating could result in component damage. 


Remove power from the machine before replacing 
logic cards, magnets, or solenoids. Failure to do 
this could result in damage to the card being re- 
placed or to other cards in the net. 


Mechanical 


Do not operate the machine under power with units 
disassembled, removed, or maladjusted. Keep tools 
clear of the mechanism when the machine is oper- 
ating under power. 


CAUTION: Do not use IBM cleaning fluid on 
plastic parts. 
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Recomplementing . 
Zero and Add Zoned —ZAZ 


Zero and Add Zoned and Add or subtree: Zoned 


Decimal 

Edit—ED ‘ 

Insert and Test (Chatacter®: ITC 

Move Hex Character -MVX . 

ONE ADDRESS INSTRUCTIONS . 

1-Cycles . ; 

Move Logical feamnediates: MVI 

Compare Logical Immediate—CLI 

Move Logical Immediate or Compare Logical 
Immediate é 

Set Bits On/Off Masked aaa Test Bits On/Off 
Masked = .% ; 

Set Bits On Masked— SBN : 

Set Bits Off Masked—SBF . 

Test Bits On Masked—TBN 

Test Bits Off Masked—TBF 

Set Bits On Masked . 

Set Bits Off Masked . 

Test Bits On Masked . 

Test Bits Off Masked ; 

Store, Load, or Add to Register . 

Store Register—ST 

Load Register—L . 

Add to Register—A . 

Load Address—LA ‘ 

Branch On Condition—BC . 

Store CPU (SCP) . 

Load CPU (LCP) . 

Load/Store CPU . ‘ 

COMMAND INSTRUCTIONS 

1 R Cycle 

Jump On Condition— JC 

Halt Program Level (HPL) . 

Command CPU (CCP) 

1/0 INSTRUCTIONS 

Start 1/O-—SIO. 

1/O Instruction I-Cycles 

1/0 Cycle 

Example 1:. 

Example 2: . , 

1/O Cycle Data Transter 

‘Cycle Steal Priority (CSP) . 

‘Load 1/0-LIO . 

Sense 1/O—SNS : 

‘Test 1/O and Branch—TIO . 

Advance Program Level—APL 


SYSTEM OPERATIONS 

INITIAL PROGRAM LOAD-—IPL 

SYSTEM RESET. 

Objectives . ‘ 

ALTER STORAGE/INITIAL MEMORY SCAN. 
Initial Memory Scan . 
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5-43 
5-43 
5-46 
5-46 
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5-51 
5-52 
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5-63 
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6-1 
6-1 
6-2 
6-2 
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Alter Storage . 
DISPLAY STORAGE 
Objectives . ‘ 
ALTER ATT/PMR 
Objectives . 

ALTER SAR 
Objectives . 
DISPLAY SAR/MSAR . 


SYSTEM CONSOLE 
OPERATOR CONTROLS . ‘ 
The Emergency Power-Off (EPO) Pull Swich (ALD 
YA102) ; 
Usage Meter (ALD YA104) 
File Control Panel 
PROGRAM LOAD SELECTOR Switch 
without 3344 installed (ALD PC101, YD100) . 
PROGRAM LOAD SELECTOR Switch 
with 3344 installed (ALD PC101, YD100) . 
PROCESSOR CHECK Light (ALD PC111) 
POWER ON/OFF Switch (ALD YA102, PC111) 
START Key (ALD PC111) 
Message Display Unit (ALD PB131) 
1/0 ATTENTION Light (ALD PC111) . 
PROGRAM LOAD Key (ALD PC111) . 
STOP Key/Light (ALD PC111) 
CONSOLE DISPLAY 
INT LEV (Interrupt Level) Light (ALD PB111). 
PWR CHK (Power Check) Light (ALD YA102) . 
TH CHK (Thermal Check) Light (ALD YA102). 
MACHINE CYCLE Indicators (ALD PB111). 
CLOCK Indicators (ALD PB121) 
LAMP TEST Key (ALD YA102) . 
Register Display Unit (ALD PB101, PC101) . 
BSCA OPERATOR'S PANEL 
BSCA Attention Light . 
Unit Check Light . 
Data Terminal Ready Light 
Data Set Ready Light 
Clear To Send Light . 
Receive Trigger Light 
Transmit Trigger Light . 
Receive Mode Light . 
Transmit Mode Light 
Receive Initial Light . 
Busy Light . 
Character Phase Light 
Data Mode Light . 
Control Mode Light . 
Digit Present Light : 
Auto Call Unit Power Off Light : 
Call Request Light 
Data Line in Use Light . 
Test Mode Light . 
External Test Switch Light 
Rate Select Switch 
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6-8 
6-8 
6-12 
6-12 
6-14 
6-14 
6-18 
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7-1 
7-1 
7-2 


7-2 


7-2 
7-3 
7-3 
7-3 
7-3 
7-3 
Te 
73 
7-4 
7-4 
7-4 
7-4 
7-4 
7-4 
7-4 
75 
7-6 
7-6 
7-6 
7-6 
7-6 
7-6 
7-6 
7-6 
7-6 
7-6 
7-6 
7-6 
7-6 
7-6 
7-6 
7-6 
7-6 
7-6 
7-6 
7-6 
7-6 
7-6 


CE CONTROLS . a SG 
ADDRESS/DATA Switches: (Below Chincaler 
Display) (ALD PA111) ; 
SYSTEM RESET Key (ALD PC101) 
CE Key Switch (ALD PC111) 
CHECK RESET Key (ALD PC101) . 
BSCA STEP Key (ALD HE160) . 
ADDRESS COMPARE Light (ALD PB121) ; 
1/0 CHECK Light (ALD PB121). Sa 
LSR DISPLAY SELECTOR (ALD PC111) 
CE MODE SELECTOR (ALD PA101) . 
TEST 
PROCESS . 
STEP. 
CE Switches : 
EXTENDED SAR ADDRESS BITS Switch 
> 64K ADDR BIT Switch (ALD PA101) . 
SAR/MSAR Display Switch (ALD ‘sel MSAR 
sw’ PA101) . . . 
1/0 OVERLAP Switch (ALD PC121) 
DISPLAY CHK (Check) BITS Switch (ALD 
PC121) 
BSCA/LCA LOCAL TEST (ALD. HE160) . 
1/0 CHECK Switch (ALD PA101) 
PARITY CHECK Switch (ALD PA101) 
STORAGE TEST Switch (ALD PA101) 
ADDR INCREM (Address Increment) Switch 
(ALD PA101) 


ADDRESS COMPARE Switches (ALD PA101) : 


POWER SUPPLY. 

INTRODUCTION 

AC/DC Voltage 

Basic Unit . 2 x -% 

Input Power Requirements 

Parts Replacement 

Checks and Adjustments . . 

POWER SUPPLIES AND COOLING 

DC Bulk Supplies. : 

POWER SUPPLY REGULATORS ; 

Start-Up Control 

Voltage Regulation 

Overvoitage Protection . 

Overcurrent Protection . 

Undervoltage Protection 

-4 Volt Undervoltage Circuit (Reg No. 1). 

+6 Volt Undervoltage Circuit . 

BASIC -4 Vdc NO. 1 LOGIC SUPPLY (lricfudes 
Add-On and Bypass Resistor) 

Basic -4 Vdc No. 1 Supply 

Add-On Regulator 

Bypass Resistors 

Voltage Adjustment . ; 

End View of -4V Regulator Card é 

B GATE -4V LOGIC SUPPLY NO. 2 (Upper 

Boards) and B GATE -4V FEATURE LOGIC 
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7-9 
7-9 
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7-9 
7-10 


8-2 
8-2 
8-2 
8-3 
8-3 
8-3 
8-3 
8-4 
8-6 
8-7 
8-8 
8-8 
8-9 
8-9 
8-10 
8-10 
8-10 


8-11 
8-11 
8-11 
8-11 
8-11 
8-11 


SUPPLY NO. 3 (Lower Boards) 
Voltage Adjustment . : 
End View of -4V Reuulater Card 
+6 VOLT LOGIC SUPPLY 
+6 Vde Regulator 
+6V Expansion Bulk Supply (eesaure): 
Voltage Adjustment . 
End View of +6V Reaiilator card 
MAIN STORAGE POWER SUPPLY 
Voltage Adjustments 
+3.4 Vde 
+8.5 Vde 
Sequencing . 
Overvoltage (OV)/Undervoltage (UV) Porteetion 
Sequence Card (A1) . 
Regulator Card (A2). 
+3.4 Vde 
+8.5 Vdc 
Sense Relay. . 
EXPANSION MAIN STORAGE POWER > 
SUPPLY 
Voltage Adjustments 
+3.4 Vde 
+8.5 Vde 
Sequencing . 
Overvoltage (GV) Undervoltane (UV) protection 
Sequence Card (A1) . 
Regulator Card (A2). 
+3.4 Vde 
+8.5 Vdc 
Sense Relay 
+3 VOLT LOGIC SUPPLIES . : 
+3 Volt Regulator Card. 
+3 Vde Regulator Card . 
+3 Volt Power Supply 
+3 Vde Power Supply 
Voltage Adjustments 
+3 Vdc Regulator Card . 
+3 Vdc Level Adjustment . 
-3 Vdc Level Adjustment . 
+3 Vdc Power Supply 
-3 Vdc Level Adjustment . 
+3 Vde Level Adjustment . 
+5 VOLT FEATURE POWER SUPPLY 
+5 Vdc Feature Regulator (BSCC) a a 
£12/-12 VOLT FEATURE POWER SUPPLIES . 
+12 Vdc Feature Regulator (MLTA and BSCA) . 
-12 Vdc Feature Supply (BSCA or BSCC, Without 
1200 bps Modem and not MLTA) . 
+24 VOLT LOGIC SUPPLY . 
POWER SEQUENCE 
Power Up Sequence . 
Normal Power Down Ssquence 
Power Off Sequence . 
THERMAL AND POWER CHECKS 
Abnormal Power Indications . 
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8-14 
8-14 
8-14 
8-15 
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8-15 
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8-16 
8-16 
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Power Check and Thermal Check Indicators . 
Test Points (TPs) . 

System Sequencing and Sensing Relays 

Power On Sequence . 

Abnormal Power Off 


Overvoltage and Overcurrent Power oft Sy ausnice . 


Undervoltage Power Off Sequence . 

Therma! Power Off Sequence . 

Emergency Power Off 

COIL/RELAY FUNCTIONAL DESCRIPTIONS 

Convenience Outlet (YA102) . 

-5V Sense . : 

Thermal Relay, Relay Panel (YA102) . 

+12V Supply Sense, Located on Power Supply 
(MLTA/BSCA-YA140) 

AC Voltage to Bulk Power Supply (YA102) . 

-4V No. 1 (A gate) Sense (YA102A) 

+6V (+5V for BSCC only) Sense (YA102A) . 

+6V UV Detect (YA102B) 

Main Storage Supply Sense (YA102A) . 

1/0 AC Power (YA101 and YA102) 

1/0 AC Power (YA101 and YA102) 

7.25 Vac and 41 Vac Distribution (Lamp and 
Meter — YA102) 

1/O Power Sense (YA102A) 

+60V Sense (YA102A) . 

Power Sequence Complete. . . 

-4V No. 1 (A gate) OV/OC Fault 

~4V No. 1 (A gate) UV or +6V (+5V for BSCC 
only) OV/OC Fault 

+6V (+5V for BSCC only) UV Fault 

-4V No. 2 OV/OC Fault 

-4V No. 2 Sense and -5V Sense . 

-4V No. 3 OV/OC Fault 

-4V No. 3 Sense . 

B Gate FET Protect : 

B Gate FET Protect for No. 3 Feature power 
Supply . 

Expansion Main Storage Power Supply (Feature) 

-12V Supply Sense (BSCA/BSCC) . 
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INTRODUCTION 


IBM SYSTEM/3 MODEL 15D 


The System/3 Model 15D provides a greater pro- 
cessing speed and greater disk storage than pre- 
vious Model 15s. The processing speed is increased 
by accessing storage twice during instruction (1) 
cycles. The addition of the 3344 DSA provides the 
greater disk storage. 


The various configurations of the System/3 Model 
15D provide complete unit record type functions 
including card reading, punching, interpreting, 
collating, reproducing, summary punching, com- 
puting, and printing. In addition, magnetic tape 
and disk storage drive removable disks offer 
practically unlimited data storage growth. 


A minimum configuration of Model 15D consists 
of a Fast !-cycle processing Unit (96K bytes of 
storage), a 3277 Display Station Model 1 with a 
keyboard (feature no. 4632), a 3340 Direct Access 
Storage Facility, a 1403 Printer, and one of the 
following: 5424 MFCU, 2560 MFCM, 1442 Card 
Read Punch, or 3741 Data Station (cardless 
systems). 


The 3277 Display Station Model 1 with the key- 
board (feature no. 4632) is called CRT/keyboard 
in this manual. 
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IBM SYSTEM/3 MODEL 15D (continued) 


The System/3 Model 15D operates in a multi- 
programming environment without the Model 10 
Dual Program Feature. The CPU has the same 
basic instruction set, cycle time, and access time 
as other System/3 models. 


Features include: 


@ MOSFET (metal oxide semiconductor field 
effect transistor) monolithic storage with ECC 
(error correction and checking) for CPU main 
storage. 


@ Maximum of 512K bytes of storage available. 


@ Write/fetch storage protection (for CPU cycles 
only) in 2K-byte segments. This feature is used 
by the supervisor to keep user programs from 
interfering with each other or with the super- 
visor. 


@ Three additional instructions to control multi- 
programming and other new enhancements. 


@ Address translation capability to address main 
storage above 64K. 


@ Four additional interrupt levels. 


@ Operation end interrupts for all input/output 
devices. 


@ Provisions to mask off (inhibit) all interrupts 
except program check. 


@ Privileged mode of operation. Privileged in- 
structions are executed only by the system 
control programming. 


@ Program check interrupt to prevent a hard stop 
for invalid storage or device address, invalid 
operation code, storage protection violation, 
and privileged mode operation error. 


@ Complete overlap of all 1/O operations without 


data overrun errors. 


@ A two-byte disk data channel to reduce CPU 
burden (I/O cycle steals) during data transfer. 


e@ An internal timer to provide time-of-day services. 


@ Unit record restart to allow program detection 


of an I/O device not-ready to ready transition. 


@ Fast I-cycle processing unit (Model 15D) 


increases execution rate of instruction cycles. 


System Control Programming 
Multiprogramming 


One user program can reside in each of the 
System/3 Model 15 program partitions. The pro- 
grams then share the CPU facilities, thus reducing 
the time that the system is in a wait state. 


Program partition priority is controlled by the 
supervisor. All programs operate with interrupts 
enabled; when an interrupt occurs, the supervisor 
gains control, processes the interrupt, and gives 
control to the highest priority partition that is 
in a ready state. The high priority partition gives 
up control when it encounters a condition that 
prevents further processing. The supervisor takes 
control away from the low priority partition at 
the completion of an event for which the high 
priority partition is waiting. 


1/O Devices 





3277 Display Station/Keyboard 


The CRT/keyboard used on System/3 Model 15 is 
composed of: 


@ An IBM 3277 Display Station Model 1 cathode 
ray tube (CRT) screen. 


@ A 78-key operator console keyboard. 


The CRT/keyboard is the operator/system com- 
munication device for Model 15, and is required 
on every system. It attaches directly to the CPU 
and is on the system table top. The operator uses 
the CRT/keyboard for inquiry, secondary output, 
limited key entry of data, and operator/program 
interaction. 


The CRT displays 480 characters (12 lines of 40 
characters each) and supports a 64-character set 
(36 alphameric characters, 27 special characters, 
and a blank). The keyboard is a movable 78-key 
EBCDIC (Extended Binary Coded Decimal Inter- 
change Code) keyboard that has 45 alphameric 
keys, 21 control keys and 12 program function 
keys. The CRT displays each character as it is 
keyed. 


IBM 3284 Printer 


The 3284 Model 1 Printer can be attached to Sys- 
tem/3 Model 15 as an auxiliary printer. 


The primary use of the 3284 is to obtain hard copy 


output of system messages that appear on the CRT. 


The 3284 can also be used for low volume output 
of other programs. 


The 3284 Printer uses a matrix print head and pin 
feed platen, and prints 40 characters per second. 
It uses a character set of 64 EBCDIC characters 
and can produce print lines of 120, 126, or 132 
print positions. 





IBM 2501 Card Reader 


System/3 Model 15 supports the IBM 2501 Card 
Reader Models Al and A2. Models A1 and A2 
read 80-column cards at a maximum rate of 600 
and 1000 cards per minute, respectively. The card 
image feature is available; however, it is supported 
only by the Basic Assembler. 


1/O Devices (continued) 





IBM 2560 Multi-Function Card Machine 


The IBM 2560 Multi-Function Card Machine 
(MFCM) is an 80-column card device available 
in two models; Model Al and Model A2. The 
MFCM can: 


e Read cards from either of two hoppers. Model 
A1 reads 500 cards per minute; Model A2 reads 
310 cards per minute, 


e Punch cards at 160 columns per second (Model 
A1) or 120 columns per second (Model A2). 


@ Print on cards (Mode! A1 with optional print 
feature) at 140 positions per second. 


@ Stack cards in any of five stackers (Model A1) 
or four stackers (Model A2). 


The MFCM can be used to match records within 
two files, merge two files, select records, or sort 
card files. 


IBM 3340 Direct Access Storage Facility 


The IBM 3340 Direct Access Storage Facility 
provides the IBM System/3 Model 15D with a 
maximum of 205 megabytes of direct access stor- 
age. The system requires at least one 3340 Model 
A2 and can also be equipped with either a 3340 
Model B1 or B2. 


Two, three, or four drives can be attached to a 
single system in the following configurations: 


Total Total 
Configuration Number Capacity in 
of Models of Drives Data Bytes 
1 3340 Model A2 only 2 102,924 288 
1 3340 Model A2 and 
1 3340 Model B1 2 PRA Orton 
1 3340 Model A2 and 4 205,848,576 


1 3340 Model B2 


Each 3340 drive contains the mechanical and 
electrical components needed to house, load, filter, 
and drive a 3348 Model 70 Data Module. The 
3340 Model A2 also provides logic and power for 
all the 3340 drives. 


IBM 3741 Data Station Models 1 and 2 
IBM 3741 Programmable Work Station 
Models 3 and 4 


The System/3 Model 15 supports all four models 
(Data Station Models 1 or 2, or the Programmable 
Work Station Models 3 or 4) of the 3741. The 3741 
(all models) is a standalone device with one opera- 
tor station, which has one keyboard unit, one dis- 
play unit, one or two diskette units, and a control 
unit. Models 2 and 4 are also equipped with the 
binary synchronous communications adapter. 


The 3741 can be used online as a diskette input/ 
Output device or offline to perform such 3741 
functions as data entry, communications, and as 

a programmable work station (Models 3 and 4 
only). In the online mode, the 3741 keyboard 

is inoperative except to take the 3741 offline. Data 
transfer between the 3741 ard the system is always 
between the system and the diskette, never be- 
tween the system and the keyboard/display screen. 


A 3741 Model 1, 2, 3, or 4 is required on all 
5415D cardless systems (channel terminate fea- 
ture installed). 





IBM 3344 Direct Access Storage 


The 3344 Direct Access Storage Model B2 is a 
two-drive unit that attaches to the 3340 Direct 
Access Storage Facility Model A2 on the 5415 
Mode! D. There is a 3344 data module perma- 
nently mounted within each drive. The disk 
surfaces and read/write heads are sealed within 
each 3344 data module. 


The two drives of a 3344 provide approximately 
407 million bytes of direct access storage. 
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1/O Devices (continued) 





IBM 5424 Multi-Function Card Unit 


The IBM 5424 Multi-Function Card Unit (MFCU) 
is a 96-column card device that: 


e Reads or feeds cards from either of two hoppers. 


@ Punches cards. 
@ Prints on cards. 


e Stacks cards in any of four stackers. 


Two models of the MFCU are available. Model A‘ 
reads 250 cards per minute and punches or prints 
60 cards per minute. Model A2 reads 500 cards 
per minute and punches or prints 120 cards per 
minute. 


The MFCU is controlled by the 5424 attachment 
and the processing unit. The MFCU combines the 
functions of a card reader, collator, card punch, 
sorter, and interpreter. All multifunction opera- 
tions, except sorting, can be performed in a single 
pass through the machine; sorting requires multiple 
passes. 


IBM 1442 Card Read Punch 

An IBM 1442 Card Read Punch Model! 6 or Model 
7 can be attached to the System/3 Model 15 to 
provide 80-column card reading and punching. 
Model 6 reads 300 cards per minute and punches 
80 columns per second; Model 7 reads 400 cards 


per minute and punches 160 columns per second. 
The 1442 can perform the following operations: 
e Read 

e@ Punch with no feed 

e@ Punch and feed 


e Stack cards in either of two stackers 


e Read column binary (card image)—supported only by the Basic 
Assembler program. 








IBM 3410 Magnetic Tape Unit 


The 3410/3411 Magnetic Tape Units read and 
write half-inch magnetic tape. The 3410 is a tape 
unit only; the 3411 is a tape unit and a control 
unit in the same frame. From one to four tape 
units can be attached to System/3 Model 15. 


The 3410/3411 Models 1, 2, and 3 have data rates 
of 20, 40, and 80 kilobytes per second, respectively. 
All units in a magnetic tape system must be the 
same model. Recording density can be 800 or 

1600 bits per inch (bpi) for nine-track tape, or 200, 
556, or 800 bpi for seven-track tape. 


Both the 3410 and 3411 are desk high units with 
tape reels mounted horizontally rather than verti- 
cally. A transparent sliding cover provides easy 
access to the tape reels. 


Each 3410/3411 tape unit must be equipped with 
a special feature that specifies the read/write for- 
mat desired. The features are single density, dual 
density, and seven-track. Dual-density and seven- 
track features cannot be installed on the same sub- 
system. 


1/O Devices (continued) 


IBM 1403 Printer 
Model 2 and Modet 5 





IBM 1403 Printer Model 2, Model 5, and Model N1 


The IBM 1403 Printer (Model 2, 5, or N1) is required on every 
System/3 Model 15. It is attached via an IBM 5421 Printer Con- 
trol Unit. Each model produces a 132-print-position line. The 
character set can be expanded from 48 characters (basic) to as 
many as 120 characters if the universal character set special 
feature is used. 


Note: The Models 2 and 5 require an interchangeable chain car- 
tridge adapter special feature for installation of the universal 
character set. 


Various type fonts, styles, and character arrangements are avail- 
able. 


The 1403 printers use a type cartridge with 240 characters. The 
standard 48 character set is repeated five times on the cartridge 
to permit the following throughput (single line spacing): 


Model 2 — 600 lines per minute 
Model 5 — 465 lines per minute 
Model N1_ — 1100 lines per minute 


SlOCc 


The Serial Input/Output Channel (SIOC) allows 
attachment of the same devices as on the System/3 
Model 10, such as 1231, 1255, 1419, etc. 


BSCA 


System/3 Model 15 supports the same communi- 
cations capabilities that are presently available on 
the System/3 Model 10. One or two binary syn- 
chronous communications adapters (BSCA) are 
available to allow synchronous communications 
transmission rates from 600 bps to 50,000 bps. 
Communication with other IBM processors as well 
as with batch and interactive terminals is possible 
with BSCA on both point-to-point and multipoint 
basis. The ElA Local feature permits attachment 
of local CRT clusters and other bisynchronous 
terminals without the addition of modems and 
data communication lines. 





IBM 1403 Printer Model N1 


Display Adapter 


The display adapter provides control and I/O 
channel interfacing for the 3277 Display Station 
and 3284/86/88 auxiliary printers without the 
requirement of a 3271 Control Unit and a remote 
communications line. Each terminal connects 
directly to the display adapter via a single coaxial 
cable. The terminal may be located up to 2000 
feet from the system. 


The display adapter interacts with the program 
like a BSCA device (EBCDIC only, point-to-point 
nonswitched). Up to 30 devices, display stations, 
or printers can be used. 


This feature cannot be used with BSCA-2. When 
installed, it uses the BSCA-2 channel address, 
interrupt level and cycle steal priority. 


LCA (Local Communications Adapter) 


The LCA provides a directly connected binary syn- 
chronous communications adapter on System/3 
Model 15 and allows the attachment of 3741 

Model 2 without the use of modems. Also, a direct 
connection to 3271/3275 provides limited function 
local CRT attachment. The LCA feature is a sim- 
plified, reduced function BSCA similar to the exist- 
ing BSCA-1 on the System/3 Model 10. Attached 
devices must have a BSCA feature with a point-to- 
point nonswitched network, EBCDIC transmission 
code, and a local EIA data set interface. A data 
rate of 2,400 bps is standard. 


MLTA (RPQ) 


The multiple line terminal adapter (MLTA) pro- 
vides attachment capability for 1BM’s low-speed 
start/stop terminals. MLTA allows attachment of 
one to eight communication lines with multiple 
terminals per line. Transmission speeds are 134.5 
bps to 1200 bps. Terminals may be attached on 
an unlimited, limited, or in-house basis. 


BSCC (Binary Synchronous Communications 
Controller) 


The BSCC permits the IBM System/3 to function 
as a point-to-point or a multipoint processor 
terminal. One or two BSCC lines are available and 
each line handles 127 3270-type devices. The 
BSCC lines allow synchronous communications 
transmission rates from 600 bps to 9,600 bps. 
The BSCC operates with EIA, 38LS, or DDSA 
modems; or the EIA local teature permits attach- 
ment of a cluster of local terminals without the 
use of modems oar data communication lines. 


Channel Terminate Feature 


The channel terminate feature terminates channel 
bank 1 on 5415D cardless systems. The card I/O 
board (01A-A3) is replaced by the channel ter- 
minate board which has two MST line terminator 
cards installed in locations U2 and U3. 


A directly attached 3741 is required on all 5415D 
cardless systems. The 3741 becomes the APLD 
(alternate program load device). 


Installation of the channel terminator feature 
does not prevent attachment of the 2501 as a 
card input device. 


System Maintenance 


The primary sources available for failure detection 
and isolation are the diagnostics and Maintenance 
Analysis Procedures (MAPs) used in conjunction 
with one another. The System/3 also logs certain 
errors in storage to assist with failure analysis. All 
this is described in the diagnostic user’s guide. 


This manual provides theory, major operation 
objectives, data flow, and conceptual positive logic 
diagrams for learning the system, then as an aid to 
finding a machine failure using the MAPs. 


Scheduled Maintenance 


Every 6 months: 


1. Check filters visually and replace if neces- 
sary. 
2, Check cooling fans for proper operation. 


1/O scheduled maintenance procedures are in the 
maintenance manual for each |/O device. 
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5415 PROCESSING UNIT (CPU) 


introduction 


The IBM 5415 CPU contains the facilities for 
addressing storage, arithmetic and logical pro- 
cessing of data, sequencing instructions, and 
controlling the transfer of data between main 
storage and attached input/output devices. The 
basic unit of information is the byte which 
represents one alphabetic, numeric, or special 
character. In arithmetic operations, a byte 
contains one numeric character and a zone. 
The low-order byte contains the sign in the 
zone portion, Bytes may be handled separately 
or grouped together to form fields. 


The CPU main storage (MOSFET technology) is 
available in 96, 128, 160, 192, 224, 256, 384 and 
512K byte capacity. Since the System/3 data 

path allows addressing only 64K of main storage, 
an address translation table (ATT) is used. Through 
use of the ATT, the 512K of main storage can be 
addressed. 





IBM 5415 Processing Unit Model D 


The supervisor program uses storage protection to 
protect main storage in 2K-byte segments. Write 
protect prevents One user program from writing 
over another user program or the supervisor pro- 
gram. Fetch protect prevents an unauthorized 
user from accessing data. 


The CPU main storage unit read and write cycle 
time is 480 ns each. There is calculation time 
between the read/write time providing a basic 
machine cycle (read/compute/write) time of 
1.52 us. 


CPU 


Main Storage 


Interrupts allow the system to make optimum use 
of the 1/O devices, to handle program checks, and 
to execute data handling routines. An interrupt 
that originates at an 1/O device signals operation 
end or requests special attention from the CPU. 
Generally, an interrupt means that the CPU must 
interrupt a current instruction sequence, perform 
an intervening instruction sequence, and return 

to the interrupted program. 


The CPU has direct control over the 1/O devices 
attached to it. Program instructions that determine 
which operation is performed (read, write, etc.) and 
which unit is to be used test and initiate |/O opera- 
tions. 


The CPU is available for processing during most of 
each 1/O operation even though many devices may 
be functioning simultaneously. This overlap of !/O 
operations and CPU processing is made possible by 
a cycle steal capability by which an I/O device, 
while performing an !/O operation, breaks into the 
main program and uses enough cycles to transmit 
the bytes that are immediately available. For 
example, when reading a row of data from a card, 
that data is placed in the proper storage location 
during 1/O cycles. The main program then con- 
tinues processing until the next row of data is avail- 
able. Thus, the cycle steal capability provides the 
benefit of a buffer without sacrificing storage cap- 
acity or requiring a special buffer. When the oper- 
ation end interrupt occurs, the CPU executes the 
program for handling the data just read from the 
card. 


Step-by-step data processing is controlled by regis- 
ters (op register, O register, and condition register) 
that contain the operation code for the instruction 
being performed and the additional information 
required to execute the instruction. 


The arithmetic and logical unit (ALU) performs 
calculations within the CPU. The CPU routes all 
data to be processed through the ALU, which is 
capable of performing the desired action. 


In the CPU, odd parity is provided for all bytes of 
data to provide a means of validity checking. As 
the data is transferred throughout the CPU, parity 
circuits check for correct data transfer. As data is 
changed within the ALU, the parity of the result- 
ant byte is determined by a second ALU (check 
ALU) and the generated parity is then checked at 
the ALU latched output. 


In addition to parity checking, as the program is 
executed, the CPU checks each operation code to 
ensure that it contains a valid instruction. 


Only the supervisor program can execute certain 
CPU instructions (privileged mode) unless the CPU 
is in Model 10 mode. A program mode register 
(PMR) controls this Model 10 mode as well as other 
CPU functions. There are nine such registers, one 
to control each program level. 


Fast I-Cycles 


The execution rate of instruction (I) cycles is in- 
creased in the 5415D by accessing storage twice 
(two instruction bytes) during a 1.52 usec machine 
cycle. A four byte instruction (l-Op, 1-Q, I-H1, and 
I-L1 cycle) previously taking four machine cycles 
to complete now requires only two. See simplified 
timing diagram for relationship between pre- 
vious | cycle processing and fast | cycle operation. 
To access storage twice during a single machine 
cycle, a two-byte IAR update in parallel with each 
storage fetch is required. This two-byte update is 
accomplished by adding a 16-bit auxiliary ALU. 
The aux ALU is also used to flush data from 
storage to the proper register on all fast | cycles 
and to perform base displacement operations 
during I-X cycles. 


Previous Rate 
Instruction Cycle 
Storage Fetch 


IAR Update 
Fast | Cycle Rate 


Instruction Cycle 
Storage Fetch 


!AR Update 
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Certain CPU operations must be performed at 
normal processing speed. For those operations, 
the last half of each | cycle is followed by an idle 
or dummy half cycle. For example, a dummy half 
cycle is taken following the last | cycle of a 3 or 
5 byte instruction. During this half cycle, the pro- 
cessor is idle with no storage fetches or IAR 
updates. One exception is the IR cycle of a 
command format instruction which extends over 
the entire machine cycle. 


Those operations that require normal processing 
speed include: 


1/O and Halt instructions 

The last cycle of a 3 or 5 byte instruction 

Certain time dependent diagnostic programs 

Cycles during which program checks occur 
Refer to the instruction cycle diagram on page 


5-2 for the | cycle, dummy half cycle, and 
machine cycle relationship of all instruction types. 





5415 PROCESSING UNIT (Continued) 


Data Flow 


Data flows serially through the machine in 8-bit 
bytes plus one parity bit through ALU and aux 
ALU. The output from ALU and aux ALU is 
gated and distributed to the remaining functional 
units of the machine. 


1-Cycle Operation 


The aux ALU receives data from the local store 
registers (two-bytes wide) or the SDBO (one-byte 
wide) and can either pass the inputs directly 
through aux ALU unchanged or combine them 
with an ADD or AND function. Data passed 
directly through can be incremented by +1 if the 
carry in signal is active. 


The auxiliary ALU output is gated to the local 
store registers, condition register, Q register, and 
op register. Refer to section 5 for a detailed 
description of each |-cycle operation. 


E Cycle Operation 


The ALU receives two bytes of data and combines 
them in parallel into one byte. ALU performs 
decimal add and subtract, binary add and subtract, 
and logical AND and OR operations. All data to 
the ALU comes from the A and B registers, and 
the output is the contents of B modified by the 
contents of A. 


Output of the ALU is available to the !/O attach- 
ments on the data bus out (DBO) in one of two 
forms: either translated from EBCDIC to System/ 
3 card code, or straight from the ALU. If data is 
transferred to or from a disk drive, two bytes of 
data can be transferred: one through ALU, the 
other through the extended channel. The ALU 
output is also available for entry into main stor- 
age, to the op and OQ registers for instruction de- 
code, to the condition register (CR), and to the 
local storage registers (LSR) for temporary 
storage. 


CPU Timing 


The length of the CPU machine cycle is 1.52 us. 
Each machine cycle contains a storage read and 
an optional storage write time. 


Each machine cycle is divided into nine clock 
tiraes; clock 0 through clock 8. Clock 0 and clock 
1 are each 200 ns and all of the remaining clock 
times are 160 ns. Each clock is divided into 40 
ns phases. A clock 9 time, consisting of five phase 
pulses (200 ns), is taken each cycle during cycles 
of the following operations (1) system reset, (2) 
step mode, (3) alter SAR, (4) alter ATT/PMR, 
and (5) alter/display storagé with the storage test 
switch in its step position. 


Parity Checking and Generation 


The CPU checks for dropped or extra bits during 
data transfer by checking for an odd number of 
bits after the transfer. The parity check ing (P) 
and parity generating (PG) points are shown in 
data flow diagram. 


Correct ALU output parity is generated. After 
the data leaves the A and B registers, it can bé 
altered by the decimal and binary complement 
circuits, the ALU, the decimal correct circuits, 
and the sign control circuits. The parity changes 
caused by all these make it necessary to generate 
parity for the ALU output. 


Unit Check 


Unit check handling of testable indicators is con- 
trolled by programs. Restart procedures are con- 
veyed to the operator by programmed halt opera- 
tions, halt identifiers displayed on the console, and 
recovery/restart procedure listings. 


Errors 


The types of CPU errors are Processor checks and 
Program checks. 





INV | STOR 
MSAR | | SDBO 
san] ADDR] PROT sos! | sono] can} oat | ame | atu 


(/O LSR Select Check (page 2-40) 
LSR Parity Check (page 2-31) 
(SAR/ATT) CPU SAR Check (page 2-57 
Memory SAR P Check (page 2-57) 
SDBI Check (3-13) 
SDBO Check (3-13) 
Carry Check (page 2-19) 
DBI P Check (page 4-130) 
A-B Register P Check (page 2-22) 
ALU P Check (page 2-18) 
(CPU DBO) DBO P Check (page 4-125) 
OP-O Register P Check (page 2-44) 
Channel DBO P Check (page 4-120) 


CPU op/a PRIV | INV | CHAN 
DBO OP OP DBO 


Channel 1/O 
Check Lamp 


fae] 3121 


Processor Check 
Causes the processor 


to stop for operator 
intervention. 


Ke Channel 1/O Check 


4-100 (not) 1/O Check Sw Run Invalid Address (page 2-58) 


(STOR PROT) Address Violation Check (page 2-58) 
Privileged Op Check (page 2-43) 

Invalid Op Check (page 2-43) 

(INV Q) Invalid Device Address Check (page 4-120) 


Interrupt 7 Enabled 
X—X—X—-X—X 


2-46 



















Program Check 





Handled by an error 
routine and allows 
other user programs 
10 continue. 
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Processor Data Flow 


8+P mai, Extended 


Channel 
8+ PEP to Disk 


Main Storage 
384K 512K 


Salas Tesi- isl 


Main Storage Address 0 i 
SDB} Register 
E13 E14 E15 0 4 





LSR High — 1CD, 7CD 
LSR Low — 5CD 









Cl 3-4 






Address 
Transiate 
Table 














ALU Gating Ctks 





2D,4D, 8D 





LSR 


17th, 18th, and 19th Bit + P 


1D, 3D, 5D, (Fast !-Cycle) 


() Parity Checked 
Parity Generate as 


@mmm Display 


Seles Rel 


Force 1, 
2,0or 16 


1CD, 3CD, 5CD 
fz 
© i 
15, 


1D, 3D, 5D, (Fast !-Cycle) 
x 2D, 4D, 6D 


Y_—— 








3CD 


x 


Odd CD (I/O Cycie) 


Soe 


x 
3CD 
1CD (!-Op), 3CD (1-Q) x 
LSR Hi — 3CD, 
LSR Low — 1CD,3CD, “mH = Program Mode 
oo Registers (9) 
Cl 4,5 
5B é X 
3 3,5,8 
———-X ————————_—_—_—_— x 
Decode 
Cycle 
Control 















Main Storage Address 


Control and Error Status 


Address/Data Switches 










Translate In DBI 
Channel In 
Control 
Channei Out 
Control 
DBO 


Translate 


Out 


Cl! 4C to 6C 








Machine Language (Part 1 of 5) 
Number Systems 


To understand the operation of the CPU, it is 
necessary to understand the number systems and 
character codes used. Accordingly, the following 
topics discuss the decimal, binary, and hexadec- 
imal number systems. 


Decimal Number System 


The decimal number system has ten symbols: 0, 
1,2, 3,4, 5,6, 7, 8, and 9. The base of the system 
is 10, 


Counting starts in the units position with O and 
proceeds through the next nine symbols. When 9 
is reached, there are no more symbols; therefore, 

a 1 is placed in the position to the left (tens posi- 
tion) and the count resumes with a 0 in the original 
position: 


Units Position 


ONO WH OO 


9 
Tens > 10 
Position 11 
12 

and so on 


Continuing the count, it takes one hundred one 
numbers (count began with zero) before a third 
position (hundreds position) is required to express 
a 3-digit number. Similarly, it takes one thousand 
one numbers before a fourth position (thousands 
position) is required to express a 4-digit number. 
Because of the role that the powers of 10 play in 
the representation of a number, (10 unique 
symbols), 10 is said to be the base of the decimal 
system. 


A number is made up of coefficients defined by 
the power of their position. Each coefficient is 
multiplied by a power of 10 and some number 
from 0 to 9. For example, the number 123 breaks 
down as follows: 


(1x 102) + (2x 10!) + (3 x 109) 


| 3 units 


20 tens 


100 hundreds 


123 


Binary Number System 


The binary number system has two symbols: 0 and 
1. The base of the system is 2. 


Digital computers use binary circuits and binary 
mathematics. The binary, or base 2 system, uses 
two symbols, 0 and1, to represent al! quantities. 
Counting is started in the same manner as in the 
decimal system, with O for zero and 1 for one. 
The number 2 is expressed by placing a 1 in the 
next position to the left and starting again with 0 
in the original position. Thus binary 10 is equiva- 
lent to 2 in the decimal system. Counting con- 
tinues with a carry to the next higher order 
every time a 2 is reached instead of every time a 
10 is reached. Counting in the binary system is as 
follows: 


Binary Decimal Binary Decimal 

0 0 110 6 

1 1 1 7 

10 2 1000 8 
11 3 1001 9 
100 4 1010 10 
101 5 1011 11 

and so on 


The 1's and O’s of a binary number represent the 
coefficients of the ascending powers of 2. To il- 

justrate, assume the binary number 1111011; the 
number is expressed as: 


(1 x 28) + (4 x 25) + (1 x 24) + 1 x 23) + (0 x 22) 
t(1x 241 x 2 


The various terms do not have the meanings of 
units, tens, hundreds, thousands, etc., as in the 
decimal system, but signify units, twos, fours, 
eights, sixteens, etc. Thus the binary number 
breaks down as follows (compared with decimal 
equivalent): 


Binary Decimal 


1117011 123 


| | LL. 3 units 
1 units 20 tens 
2 twos 100 hundreds 
O fours 
123 
8 eights 


16 sixteens 
32 thirty-twos 
64 sixty-fours 


123 


Hexadecimal Number System 


e System has 16 symbols: 0, 1, 2, 3,4, 5, 6, 7, 
8,9, A,B,C, D, E, and F. 


e Base of system is 16. 


e System is shorthand notation for binary num- 
bers. 


e Four binary bits are represented by one hexa- 
decimal! symbol. 


e Byte is represented by two hexadecimal sym- 
bols. 


Binary numbers have approximately 3.3 times as 
many coefficients as their decimal counterparts. 
This increased length presents a problem when 
talking or writing about binary numbers. A long 
string of 1s and Os cannot be effectively spoken or 
read. A shorthand system is necessary, one that 
has a simple relationship to the binary system and 
that is compatible with the basic 8-bit byte used in 
the CPU. The hexadecimal number system meets 
these requirements. 


Counting is performed as in the decimal and binary 
systems. When the last symbol (F) is reached, a 1 
is placed in the next position to the left and count- 
ing resumes with a O in the original position, as 


follows: 

0 10 20 AO 
1 11 21 Al 
2 12 22 A2 
3 13 23 

4 14 

5 15 

6 16 and so on 
7 17 

8 18 

9 19 

A 1A 9A 

B 1B 9B 

C ae 9C 

D 1D 9D 

E 1E SE 

F LE OF 


One hexadecimal symbol can represent four 
binary bits. Hence byte, can be represented by two 
hexadecimal symbols. The relationship between 
the hexadecimal, binary, and decimal systems is 
as follows: 


Hexadecimal Binary Decimal 
0 0000 0 
1 0001 1 
2 0010 2 
3 0011 3 
4 0100 4 
5 0101 5 
6 0110 6 
7 0111 7 
8 1000 8 
9 1001 9 
A 1010 10 
B 1011 11 
G 1100 12 
D 1101 13 
E 1110 14 
F 1111 15 


It is important to remember that four binary posi- 
tions are equivalent to one hexadecimal position. 


Hexadecimal numbers are represented in the same 
manner as decimal and binary numbers, except 
that the base is 16. The terms of the number 
represent the coefficients of the ascending powers 
of 16 as in the following example of the hexa- 
decimal number 257 (decimal equivalent equals 
599): 
257 = (2x 162) + (5 x 16!) + (7 x 16%) 

= (2x 256) + (5 x 16) + (7 x 1) 

= 512+ 80+ 7 

= 599 
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Machine Language (Part 2 of 5) 
Number System Conversions 


In the preceding examples, numbering systems 


derive decimal equivalents by multiplying the coef- 


ficients of the ascending powers of the base. 
Large numbers are difficult to convert with this 
method. Simpler methods for converting hexa- 
decimal to decimal and back, and hexadecimal to 
binary and back are as follows. 


Hexadecimal to Decimal 


To convert a hexadecimal number to decimal: 


1. Convert any term represented by a letter 
symbol to its decimal equivalent. 


2. Multiply the high order term by 16. 


3. Add the next lower order term to the pro- 
duct obtained in step 2. 


4. Multiply the result obtained in step 3 by 
16. 


5. Add the next lower order term to the pro- 
duct obtained in step 4. 


6. Continue multiplying and adding until the 
low order term has been added. 


As an example, convert the hexadecimal number 
273 to its decimal equivalent. 


2 
x 16 


32 
+. 7 


39 
x 16 


234 
39 


624 
¥- 33 


627 


~S 
wo 


As a second example, convert the hexadecimal 
number A7B. Converting letter symbols to deci- 
mal equivalents yields 10 7 11. 


10 7 11 
x 16 


——— 


160 
+ 7 


167 
x 16 


1002 

167 

2672 
+ 11 


2683 


Decimal to Hexadecimal 
To convert a decimal number to hexadecimal: 


1. Divide the decimal number by 16; the re- 
mainder of this first division becomes the 
low order term of the final answer. 


2. Divide the quotient (obtained from the first 
division) by 16; again the remainder becomes 
a part of the final answer (next higher order 
term). 


3: Repeat steps 1 and 2 until the quotient is 
less than 16. This final quotient is the high- 
order term of the final answer. 


4. Convert any term between 10 and 15 to its 
hexadecimal tetter-symbol equivalent. 


For example, convert the decimal number, 471 to 
hexadecimal: 


29 1 
16 [471 16| 29 si). os 
32_ 16 | 
151 13 
144 
7 


answer = 1D7 


Hexadecimal to Binary and Binary to Hexadecimal 


Hexadecimal! 0 through F, which have the decimal 
values of 0 through 15, respectively, are repre- 
sented in the binary system by four binary bits. 
To convert a hexadecimal number to its binary 
equivalent, express each term in its equivalent 
four-bit binary group. To convert binary num- 
bers to hexadecimal numbers, reverse the process. 


For Example: 


Hexadecimal: 3 7 B 1 
Binary: 0011 0111 1011 0001 


Hexadecimal: A 6 5 F 
Binary: 1010 0110 0101 1111 


Data Formats 


The basic unit of information in the CPU is the 
byte. Each byte is eight bits or two hexadecimal 
characters long. An additional bit (P bit) is added 
to each 8-bit byte to maintain odd parity. The bit 
structure of a byte is: 


| Zone | Numeric 


Bits [P}o} 1] 2}3}4]5]6]7 


Each main storage address location contains one 
byte of information. Therefore, each time main 
storage is addressed a full byte is read from stor- 
age. 





Each byte is divided into two parts. Bits 4 to 7 
represent the numeric portion of a character and 
bits O to 3 represent the zone portion. Therefore, 
a byte can represent numeric, alphabetic, or special 
characters. These characters are expressed in 
EBCDIC (Extended Binary Coded Decimal Inter- 
change Code). 


When used as a numeric quantity, each byte con- 
tains one numeric digit in bits 4 to 7 with the sign 
of the entire field contained in the zone portion 
of the low-order byte. The zone portion of the 
rest of the bytes in the field contain the EBCDIC 
for a numeric digit (hex F). The EBCDIC for plus 
is hex F and for minus hex D. Internally, the CPU 
also recognizes the ASCII-8 (American National 
Standard Code for Information Interchange) for 
minus (hex B) but changes it to EBCDIC in the 
result field of a decimal operation. The CPU 
considers any other zone combination to be 

plus (BA and A). 


A B-zone punched over the units position of a 
field indicates a minus field to the CPU. A plus 
field contains no zone punch. This chart shows 
conversion for EBCDIC and card code. 


Bits 
Festal net 
a ee 


[0100 | 
|0110 | 


pode ee a 
Ene ee 
De] Me | 
sen 
a oe 
PG Ab ae es 
cena besa g 
eR 


*Card Code for Numeric Zero is A Only 





__] 
O00 | Tet oA 
ag 
ets 
fe al 
fe 
a 
ee 
esa] 


The maximum length of a source field is 16 digits 
and the maximum length of a result field is 31 
digits. 
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Machine Language (Part 3 of 5) 
Instruction Formats 


The instruction length is three to six bytes. Bits 
0-3 of the operation code determine the type of 
instruction and addressing. 


The CPU executes three types of instructions. 
They are: 


@ One address instructions. 
@ Two address instructions. 
® Command instructions. 


One address instructions address only one field 
within main storage and therefore contain one 
address. (The load address instruction contains 
the needed data rather than an address.) Two- 
address instructions are those instructions that 
address two separate fields within main storage 
and therefore contain two addresses. Command 
instructions are those instructions that do not 
address main storage and therefore contain no 
addresses 


Each instruction has an operation code and a Q 
code. Either a control code, or one or two ad- 
dresses follow them. Thus, the length of the in- 
struction varies from three to six bytes depend- 
ing upon the type of instruction and the type of 
addressing specified (direct or indexed). 


Op Code | O Code B Field Address 


1 Byte 1 Byte Direct - 2 Bytes 


Operation Code 


The first byte of each instruction is the operation 
code (op code). This op code specifies the kind 
of instruction, the method of addressing and the 

operation to be performed. 


The first half byte (bits 0-3) specifies the kind of 
the instruction and the method of addressing to be 
used. 


Op Code | Number 
Bits of Bytes in| B Field A Field 
01 23 | Address Address Address 


Direct Direct 
Indexed XR1 Indexed XR1 
Indexed XR2 Indexed XR2 
No address No address 


A Field Address 


Direct - 2 Bytes 


— 2- Address 


Indexed - 1 a Indexed - 1 i 


Op Code | QO Code B Field Address 


1 Byte 1 Byte Direct - 2 Bytes 


el ed 


Ge 
EH oesl 


Op Code | OQ Code Control 
Code 
1 Byte 1 Byte 1 Byte 


ee 


1 - Address 


Command 





if all four bits of the first half byte are on (all 
ones), the instruction is a command instruction. 
The bits are grouped in pairs (bits 0-1 and bits 
2-3). If both bits in either group are on, the 
instruction is a one-address instruction; if neither 
group has both bits on, the instruction is a two- 
address instruction. If a bit is on in either of the 
groups in a two-address instruction or if three 
bits are on in a one-address instruction, the address 
is indexed. Both bits off in either pair indicates 
direct addressing. 


The second half byte (bits 4-7) of the op code de- 
termines the actual operation to be performed. The 
complete instruction set executed by the CPU is 
shown in the following chart: 


Mnemonic and Operation OQ Code Use LY Control Code Use 















Zero and Add Zoned 
Add Zoned Decimal 
Subtract Zoned Decimal 
Move Characters 

Add Logical Characters 
Subtract Logical Characters 
Compare Logical Characters 
Edit 

Insert and Test Characters 
Move Hex Ct aracter 


























Move Logical Immediate 
Compare Logical Immediate 
Set Bits On Masked 

Set Bits Off Masked 

Test Bits On Masked 

Test Bits Off Masked 

St~ 2 Register 

Load Register 

Add to Register 

Load Address 

Branch on Condition 

Test 1/O and Branch 

Sense |/O 

Load I/O 














| 
| 














Store CPU 
coad CPU 


—_ 








Halt Program Level 
Advance Program Level 
Jump on Condition 
Start 1/O 
Command CPU 





Field 
Lenath 


Haif-byte Selection 


{+ 


immediate 
Data 


Bit 
Selection 


Register 
Selection 


Branch 
Condition 
Device 


f Address and 


Data Selection 


Register 
Selection 









Halt Identifier (tens) 
Advance Condition 
Jump Condition 
Device Address and Unit 
Function or Feature 
Controlled 









Halt Identifier (units) 
Not Used 

Address Modifier 
Stacker Select, Spacing, etc. 
Action to be Performed 





My, 


Q-Code 

The second byte of each instruction is the Q-code. 
Depending upon the operation specified, the Q-code 
is used to further define the instruction Ey : 
Refer to the description of each instruction for 
details of its Q-code. 

Control Code 

The control code is the third byte used in the five 
command instructions and contains additional 
data pertaining to the command being executed. 
Storage Addresses 

Instructions in a one- or two-address format use 


the third and following bytes for main or register 
storage addressing. 
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Machine Language (Part 4 of 5) 
Addressing 


When executing instructions, the CPU uses two 
types of addressing; direct addressing and indexed 
addressing. 


Direct Addressing 


Direct addressing requires a two-byte address for 
each field or location used by the instruction. For 
one-address instructions, the first two-byte address 
that follows the Q-code is the address of the result 
or destination field (B field). For two-address 
instructions, the first address that follows the OQ 
code is the address of the result or destination 
field (B field) and the second two-byte address is 
the source field (A field). The BAR (B address 
register) maintains the B field address and the 
AAR (A address register) maintains the A field 
address. 


Most addresses given in the instructions are for the 
location of the low-order or rightmost digit of the 
field. Therefore, the CPU executes the instruction, 
processes each digit position, and decrements the 
BAR and ARR to address storage in descending 
order. An exception is the insert and test char- 
acter instruction. The CPU executes this instruc- 
tion from high-order to low-order digits and in- 
crements the BAR. 


Indexed Addressing 


Indexed addressing provides the programmer with 
a means of changing addresses within a program 
without changing the instruction. An indexed 
address is a single byte within the instruction. 
This single byte is added to the contents of a 
two-byte index register to form a new address. 
This new address is then loaded into the BAR or 
AAR depending upon the address being indexed. 


Indexing is used to: (1) execute an instruction 
with an indexed address, (2) add a constant to 

the index register, and (3) branch to an address to 
execute the instruction at a different main storage 
location. Thus it is possible to execute an instruc- 
tion or series of instructions many times without 
wasting Main storage. 


Two index registers (XR1 or XR2) are available 
for indexing. The recognition of indexed 
addresses and the selection of each index register 
is covered under /nstruction Formats. 


Instruction and Execute Cycle 


There are two types of machine cycles used in the 
internal operation of the CPU. These are instruc- 
tion cycles (l-cycles) and execute cycles (A-cycles 
and B-cycles). 


@ |-cycles read out instructions from storage. 
@ A-cycles and B-cycles execute the instruction. 


I|-cycles move the instructions from storage to the 
various registers used to execute the instruction. 
If the instruction does not require additional use 
of main storage after the completion of I-cycles, 
(such as a branch instruction), the operation is 
complete without execute cycles. However, 
most operations require the use of data from 

one or two main storage fields. Execute cycles 
manipulate this data to perform the operation. 


The CPU uses two types of execute cycles; A-cycles 
to address main storage source fields, and B-cylces 
to address the main storage result field. If only 

one field is involved with the instruction, B-cycles 
address main storage. 


Sequential Instruction Execution 


e@ Instructions are located in consecutive, ascend- 
ing main storage locations. 


e Instruction address register (LAR) is incremented 
by one each instruction cycle. 


If computations are performed manually, several 
steps can be combined into a single step. For 
example, in a payroll operation, all deductions 
can be added together in one step. However, the 
CPU performs computations in a step-by-step pro- 
cedure and must add each deduction into the 
deduction total in a separate operation. 





Example: 


In the sample program the [AR contains the stor- 


age location 1000 which is addressed during an 


Manual CPU 


Federal Tax 17.50 Federal Tax 
State Tax 6.30 State Tax 


Charity 1.50 


Total 
Total Charity 


Deductions 25.30 
Total 


Deductions 


In the example shown the CPU requires three steps. 

Since it would be desirable to retain the federal tax 

figure, the total deductions are calculated ina 

separate location. Therefore, the first step is to 

reset the total deduction field to zeros and add the 

federal tax into the total deduction field (zero and 

add zoned). Then, in separate steps, the state tax 

and charity fields are added to the total (add Storage 


zoned decimal). Location 

Because of this sequential method of processing 

the instructions are in ascending storage locations 

in the CPU. Instruction sequence is maintained 

by retaining the address of the storage location 

inthe IAR. The IAR is a two-byte LSR (local 

storage register) and is incremented each cycle 

so the next ascending storage location can be Storage 

addressed. Location 
Storage 
Location 


I-cycle. The operation code ts read from storage 
and loaded into the operation register. The |AR 

is incremented by one so storage location 1001 
can be addressed during the next cycle. This 
process continues until the storage location 1005 
has been addressed. The CPU then executes the 
instruction. After the instruction execution is 
complete, the [AR again addresses storage location 
1006 (operation code of next instruction). 
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Zero and 

Add Zoned O Code Address of Total Address of Federal Tax 

Operation (Length of Deductions Field Field 

Code Two Fields) (B Field) (A Field) 

00000100 ils i I | 
1000 1001 1002 1003 1004 1005 


Add Zoned O Code Address of Total 


Address of State Tax Field 








Decimal (Length of Deductions Field 
Operation Two Fields) 
Code (B Field) (A Field) 
[ 000001 10 | At [ | = 
1006 1007 1008 1009 1010 1011 


Add Zoned O Code Address of Total 


Address of Charity Field 











Decimal (Length of Deductions Field 

Operation Two Fields) 

Code (B Field) (A Field) 

conoorio | «| SS«d [1] 
1012 1013 1014 1015 1016 1017 


it is possible to address over 64K positions of 

storage with the two-byte address by using the 
ATT (address translate table). Refer to page 
2-54 for a complete description of the ATT. 


A branch instruction, an I/O cycle, or an inter- 
rupt routine alters the sequential instruction 
addressing previously discussed. An |/O cycle 
or interrupt routine always returns control to 
the interrupted program and resumes its pro- 
gram execution where it stopped; a branch 
instruction does not. 


Machine Language (Part 5 of 5) 
Branching 


The CPU can use branching to alter the instruc- 
tion sequence. Branching provides flexibility 
within a given CPU program. When the program 
branches to a different storage location and skips 
certain steps, it alters the results of the stored 
program. A sample program that contains a 
branching operation is shown. In this example, 
the company has a stock option plan that per- 
mits employees who earn $80.00 or more to 
purchase stock. If they earn less than $80.00, 
the stock deduction is bypassed. 















Subtract Q Code 










Zoned (Length of Field 
Decimal 2 Fields) 
Operation 






Address of Salary 


(B Field) 


Storage 1018 1019 1020 


Location 


















Branch On O Code 

Condition (Branch 

Operation On CR 1034) 
Code Low) 


Branch to Address 
(Storage Location 


(B Field) 


11000000 00000010 | 00010000 | 00110100 


Storage 1024 1025 1026 


Location 


Add Zoned 
Decimal 


OQ Code 
(Length of 
Operation 2 Fields) 


Code 


00000110 


Storage 1028 1029 1030 
Location 


Address of Total 
Deduction Field 


(B Field) 


During the subtract zoned decimal operation, the 
CR (condition register) is set to high, low, or equal 
depending upon the result. The condition register 
is set after all arithmetic and compare operations 
but the CR setting varies with the operation per- 
formed. For the subtract zoned decimal operation, 
the CR is set to low if the result is negative. If 
$80.00 is subtracted from the salary field, any 
salary of less than $80.00 results in a minus total. 


The Q-code bit structure determines the branch 
condition for a branch on condition instruction. 


In the following example, the branching condition 
is a CR low setting. If the CR is set at high or 
equal, the next sequential instruction (storage 
location 1028) is executed. However, if the CR 
which is set at low, the branch-to address (storage 
location 1034) replaces the next sequential address 
1028. 






Address of Minimum 
Earnings ($80.00) Field 








(A Field) 





1021 1022 1023 









1027 


Address of Stock 
Deduction Field 


(A Field) 





Interrupt Routines 


The 5415 CPU has eight interrupt levels. Five of 
these levels are devoted to I/O devices and three 
levels support CPU functions. 


The supervisor program, the interval timer, and 
the program check interrupt are all assigned an in- 
terrupt level which supports the CPU operation. 


An interrupt routine interrupts the main program 
with a separate program routine. For this reason, 
all interrupts except program check interrupts can 
occur only at the completion of an instruction. 
Program check interrupts occur in the CPU cycle 
following the program check. 


Interrupts are assigned priorities; the highest in- 
terrupt level takes precedence over lower level 
interrupts which means it is possible for one 
interrupt routine to interrupt another routine of 
lower priority. The assigned priority from high to 
low is: 


Program level 7 Program check 
6 Interval timer/Unit record restart 
4 SIOC 
3 MLTA/BSCC 
2 BSCA 
5 Op-end 
1 CRT 
0 Supervisor program 


1/O Cycle Steal 


The CPU issues a start 1/O (SIO) instruction 
which starts the I/O device. Whenever the 1/O 
device reaches a point in its mechanical operation 
where it needs data from storage (write, print, 
punch) or has data to send to storage (read), the 
device requests an I/O cycle. The CPU uses two 
methods for transferring data to and from the 
various I/O devices: cycle steal and sense/load 
during an interrupt routine. 


The 5424 uses the cycle steal method of trans- 
ferring its data. An |/O cycle request can occur 
during any cycle and ts granted before the next 
CPU cycle. The attachmnet then has complete 
control of data flow, LSR selection, and storage 
during that cycle. 


Since more than one device attachment may 
request a cycle at a time, each device is assigned 
acycle steal priority. 


Priority 


1-2 


10 


11 


12 


13-14 


15 


16 


ie 


18 


19-20 


Introduction 


Device 

Spare 
Magnetic Tape 
SIOC 

Spare 

BSCA-1 


MFCU Read. Punch/MFCM Read, 
Punch, Print 


2501 Card Reader 
MLTA/BSCC 

BSCA-2/Display Adapter 

1442 Card Read Punch 

MFCU Print 

Spare 

3340/3344 

3741 

1403 Printer 

3277 Display Station/Keyboard 


Spare 
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PROCESSOR FUNCTIONAL UNITS 


clo ci Cl2 cl3 c14 
—— ace, cel | . 
: . ‘ ‘ Enable Clock Run Re eh 
A 25 MHz oscillator drives this group of binary 
triggers which supply the basic timing pulses for Tee A 
both the CPU internal operations and the t/O Be 
attachments. There are nine (0-8) basic clock Ce i 
diagnostics.) Clock times 0, 1 and 9 are each 200 Phase Pulse A 
ns long while the remaining clock times are each 8 —sen_——_| oem fm |e} 
160 ns tong. All clock times are divided into 40 ns - eS aa aes ee ey 
: Se cet ares ee ae 
phase pulses. Clock times 0, 1 and 9 have five 
siache (A thrcuge Eletneotnerelock Times nave Dy Ne pel ee = i A | 
ee eco ie al cee eal es see =| 
only four (A through D). 
a _ 40 ns 
~—— 200 ns—— > |*—— _ 200 ns *—160 ns—*j+— 160 ns —>1*— 160 ns— 
Alt SAR/Alt Dis Storage Step (not) Z Trigger 
Step Mode (not) Y Trigger 
Sys Rst 
fe» Enable Clock Run A Force Clock 9 BS A 
N 








2-6 Phase F 


Trigger A 
Phase D 
(not) Trigger B 


(not) Trigger C 
Phase B 


Phase D 
Sample DBO to Channel 
Clock 0 
Clock 1 
Phase DE 
Phase CD 
Ps ” 
Lf Te 
25 MHz Osc ps FF 
A 
(not) Power on Reset Seal 
fe} A 





Force Clock 9 


Trigger 


N< x S< 


Clock 


Oo 


oOwnonn nO SF WN = 










Processor Functional Units 


Clock 4 


Clock 9 
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CYCLE CONTROLS (Part 1 of 2) 


This group of triggers, controlled by 
the contents of the operation code, 
determines what machine cycles are 
needed to execute an operation. 


Force Op End 








2-2 


1st Operand Index 2nd Operand Index 







4-100 
4-120 










(not) Op End 


2 Address Format 
(not) EA Etiminate 





































































2-50 
E> Sys Rst 
2-4 1 
o> EA Eliminate 
2-3 Inhibit 3 
Adv: 
Ta dvance 
2-50 Clock 0 A 
ag) MC Avance 2nd Operand Dect | * ra) A FF 
24 Phase CD KD111 KD111 sae aie 
A i A m 
Allow Half Cycle Ops . 
Program Interlock KD111 
2-3 
i Command Format 
B Reg Bit 4 Trig Rst 
2-41 : g 
B Reg Bit 5 EB 
B Reg Bit 6 - EA Eliminate [eB 
B Reg Bit 7 A System Reset A 
Significant One Address Non-branch Fad00 
(not) B Reg Bit 6 ‘i Significance als 
K B Reg Bit O FF 
(not) B Reg Bit 5 B Reg Bit 1 
(not) B Reg Bit 4 B Reg Bit2 | A 
B Reg Bit 3 > 
KD131 |-Q Cycle KD131 
cae 2 Address Format 23,216 
2-49 
2-41 Op Bit 4 1/0 Not Console Instruction 2 2-51 
(not) Op Bit 5 FC Instr 
A Program Interlock 
Op Bit6 Advance Instruction A FF 
Op Bit? Bee 7 
1st E Cycle 
; RN121 
> 1/O Condition B | A [oR | Recompl! Gate FL 
4-100 IX 1Tort-l 1-Q Cycle KD131 
N 
One Address Branch A A | 
Clock 8 A 
EB Trigger 
2-41 Rane , Sys Rst 


Single EB Cycle Instr 


One Address Non-Branch 
(not) First E-Cycle Trigger 







2 Address Format 
Q Reg Biank 


(not) Recomple Gate 


| ; 1/0 Not Console Instruction 


2-41 
| : Q Register Blank 
2-44 


Set Program Interlock (halt instruction) 









1-R Program Back-up | P 
|-R Cycle 2-15 
2-20 


I-R Cycle to 1/0 


Op End Gate 











=e 


2-5, 2-6 
2-27, 2-4 








Significant Digit 





2-3 
2-34 


CYCLE CONTROLS (Part 2 of 2) 


LR) Q Num Blank 


2-44 
Dec Instr 
re S Edit Instr 
an (not) B Reg 20 


[nN > Op End 


2-2 


ly» Significant Digit 


-2 


NO 


> Store Data Group New 


2-41 


E> Chan Store Data 


4-100 


Fc) Fast | Cycle 
Clock 3 





. 


2-39 
Clock 5 
Clock 4B S 
Diag Mode 
2 Add | End 
Prog Chk 
Machine Cycle Step Mode 
Any 1/O Instr 
I-X1 or t-L1 
1 Address Format . 
ress Forma KD131 
Addr Matched Light 
FL 


Op End C!ik O 








Recompl Cycle 
FC Instruction (fill character) 
1 Address Format 


{not) SAR Address Error (invalid address) 


EB Cycle} A 


Alter Storage Mode (sw) 


1/O Not CE Mode 


A 
n Jo Clock 5 
w Clock 4cD JAR ge. 
Clock 6 Wait or Sys Rst 
POR Aq 
KC142 


Dummy Half Cycles 


Pay ee 
a 
IN Clock 1 


KD131 







EA Eliminate 








: 
EB 5and6 -] 
* lor 


KY111 
Cl 4cD Store Data (BSM write) 
an New Data to Storage EL 
KyTi1 Clock 8 
ro or 
KC132 
Allow Half Cycle Ops 
Clock 5 
BSM Select 


BSM Select 






Read Cal! 


Phase B 


AB FF 


ae 
rate 


KC132 


Dummy Half Cycles 
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2-2 


2-39 
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RUN CONTROLS (Part 1 of 4) 


lA» CSP Request 


e 1/0 Cycte 
ae Test Mode 2 Zz) 
2-5 
Process Mode (switch) 1/O Not CE Test 
a (not) Power On Scan 


KA202 Step Mode (switch) 


A 
> Process Run Process Run 
2-5 . M/C Advance 





e z 


fa» Initial Memory Scan Request 2-49 
2-51 


6-4 
S Enable Clock Run a 
ae 


a 
i IPL Key ; E a, (File IPL Cycle re 


Program Load Key EL 4-107 
1/O Working or Burst T1 ie ‘s MFCU IPL Cycle fa 
= MFCU IPL (switch) 1442, 2560, or 
3741 performs 4-107 
IPL if MFCU is 
not installed. 













2-5 KA202 
fe) Initia) Memory Scan Complete es 
System Reset ha 
4 
pe Memory Scan A T2 Clock 8 i. 
A -4 
a Clock 0 pane aa é 
nf} 1 
KA202 IPL or System Reset Gate D> 
2-18 
is A ae 
: A | 
A 
iN FL Sys Rst ISR) 
POR 
System Reset 2-2 
[FS 1/O Condition B Reset IPL a oa 
F 
4-100 : 


2-5 


Reset IPL Latch lv» 


RUN CONTROLS (Part 2 of 4) 

















Reset IPL Latch 
2-4 
i Op End Gate 
7 Stop Key stop Light Stop Light 

FL 
System Reset 
Start Key Start Key : FoR 
(basic start T2) 
> Reset Halt Remembered Latch FL 


NR 
~ 


arf Run Pulse 


Iw KA212 


Process Run 


FL Process Run 


i 
N 


ee ae Any Interrupt Being Serviced 
lock 
Clock 6 A 


2-51 
1-O Cycl A 
ea (not) | Cycle Comp Run Sw 


KA242 = Any | Cycle 


A 
KA222 


Process Mode (sw) 


Basic Start T2 


A 
PTA 
Clock 6 
(not) E Cycle Comp Run Sw f | gay tee 


Process Run to !/O /O1F > 


Address Compare (bits 0-15) toatl Clock 2 
KA212 


MSAR Disp Sw e “ KM171 
Address Match Sync Point 
64K Addr Sw O 


A-B3R2U12 
Display SAR 
MSAR E15 MA282 A 
Adr Match Hi Pioccar Mode Address Match 
A CE Tie Up A-B3R2M02 


FL 
A System Reset 


128K Addr Sw . lor 


A 
MSAR E14 a To prevent stopping on address 
match, tie up A-B3R2M02 to 
iN A-B3U5B02. 
z 1/O Overlap Switch Off 


Wait State lw 


2-20 


1/0 Cycle Inhibit Machine Cycle 


Sys Reset ae 
E Enable Wait Cycle cs 


26 












Enable Wait Cycle 


(not) Process Mode (sw) 


256K Addr Sw 


MSAR E13 


1/0 Working or Burst T1 lB» 





i 


1/0 Working 
| Clock 8 or Burst T2 2-4 
Burst Request (not used) 26 
1/O Working or Burst T2 le > 
fe» Chan 1/O Working 
24 


4-100 
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RUN CONTROLS (Part 3 of 4) 


Alter SAR/Alter Display Step 





















M/C Step ” System Reset/IPL Key 
Clock 4 A 
Process Mode (CE made sw) 
Clock Step 
A Phase CD 
Odd Clock 
Instruction Step A 
|-Cycle End 
Clock 8 Key De 
S Pp Start 
Step Mode nok Clock 
ES. 1/0 Working or Burst T2 oi Enable Clock Run | > 
Clock 8 A FL a4 
2-5 System Reset : 
2-4 
KA232 oR 
fe 1/O Working or Burst T1 N 
KA232 
2-5 
Start Key Latch ae 
Alter SAR/Alter Display Step Key Rel Step Hef fe 
Clock 9 
Clock Step 
Even Ciock 
A 
N 
Processor Check 
Clock 8 
M/C Step 
a 
, KA232 
Instruction Step 
Lx > Op End Gate 
2-2 
ES Enable Wait Cycle 
2-5 


CE Clock Stop 







Power On Reset 







Clock 8 





(not) Any Mode 


RUN CONTROLS (Part 4 of 4) 


2-51 


N 


NO 


1-Op Cycle 
cis 
Halt Instr 


Any Interrupt Being Serviced 


Load Reg Instr 
Q Reg Bit 2 


1-O Cycle 
Clock 8 


(not) Processor Mode 
Step Mode (sw) 


Run Pulse 


Sys Reset 
(Basic start T2) 


Ca 


Nabil acon! 


Halt Basic 
In PAR et 


Start Key Latch 


Ci 5 


(not) Any Inter Being Serviced 


Rst Halt 
Remembered 


FL 


KA212 






!-R Cycle 


1-O Cycle 


Load Unit Halt !d 


Load Ten Hait Id 


Reset Halt Remembered Latch |e» 


nN 


+5 
Set Program Interlock 


NO 
nd 
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ALU 


The ALU (arithmetic and logic unit) is a multiple 
function unit that receives information from the 
A and B registers and performs the following 
functions with the A and B register data: 
e Logical OR 
e Logical AND 
@ Tests for presence or absence of bits 
-@ Pass B register through 
e@ Pass A register through 
e Binary subtract 
e@ Binary add 


e Decimal subtract 


e Decimal add 


The ALU processes a full byte of information at a 
time. Register A or B can supply the full byte or 
depending upon the operation only one-half 
of the byte. The ALU is used four times during 
each machine cycle and is loaded each even clock 
phase CD time except 0. 


Clock | o | tana2 





Even Not 0 CD Load ALU 







The results of each computation are available in 
the ALU latches while ALU circuits are starting 
the next computation. 


Data from the A and B registers, except the P bits 
enters the ALU in parallel form and results in a 
single byte output. Each ALU position (bit 7 
through bit 0) consists of a group of AND, OR, 
and exclusive OR blocks which give the correct 
output for the desired function. Because the 
output parity is not necessarily the same as the 
input, correct parity is generated for the results. 


, 


The output from the ALU is sent to main storage, 
local storage registers, operation register, Q 
register, condition register, and data bus out. The 
use of this output is discussed with individual 
operation descriptions. 





B Register 






ALU 
Latches 







A Register 


| 3 and 4 | 5 and6 7 and 8 | 









AV 132 
Compute data 1 and 2 time results Results from previous computation 
from miscellaneous latched in ALU—compute latched in ALU—compute data from 
registers. data from main storage. miscellaneous registers (generally 


address registers). 


AND/OR and Test False 


The following figure illustrates the AND/OR and 
test false functions for a single bit position. Out- 
put from the test false lines sets the CR test 

false latch. The output depends upon the presence 
or absence of bits in the A and B registers and the 
active control line (AND or OR). Use of test 
false output is discussed with individual operation 
descriptions. 













A Register 


Test False 


ALU Bit 
7 Latch 


B Register 
Bit 7 


The AND function is a bit-by-bit comparison of 
the two registers. If the same bit is on in each 
register the output is active. The OR function 
output is active if a bit is present in either 
register. Outputs available through the use of 
the AND and OR control lines are: 


(no controls) 










B Register B Register 





Need same bit 
in both registers 
for output 


Output is 
same as 


A Register B register 






A Register 





B Register B Register 






Bit in either Output 
register for same as 
A Register output A Register A register 
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ALU DATA FLOW 


Dec Instruction 






Sign Control 







Edit Instruction 


(bits O to 3) 















Decimal Complement 
Output 
Bits 


(bits 4 to 7) 













































Dec Comp B Reg 





If line is inactive, Output | 
is same as input. Need same bit in both, 
inputs to get an | 


output. 


AND 





Bit in either : 
input gives | 
an output. 

I 







Arith Carry to ALU 


(Note 1) 


Bin or Dec Subtract 


Output is figured bit by bit ae 


descending order, bit 7 through 
bit O for binary; bit 7 through 4 4to7 
for decimal. “ 








Internal bits 


Decimal Correct 
Internal 
Bits 





























Arith Carry to Bit 3 (decimal) 
Dec Inst 
Carry to 3 


Clock 3C - 5C 


Arith Binary Carry Out 


To Condition 
Register KG121 


Test False 


If not decimal operation, or, if ~~ 
no Carry, Output is same as input. 





COOn 25242 4-- a] 
=-C200022 3 Iu 
-=-=00-200 + =!0 
O70] 020=0 IN 
C0000 000+=2 

2000-24222 00/u 
CO=--00--00|(m 
O-O0-0200 4/~n 


iy Bees Internal bits 


Oto 3 





Not 0 CD 
oa ALU Latches 


Binary Complement 


Output is binary 
complement of input: 
bit in = no bit out; 
no bit in = bit out. 


AV111 


Bin Comp A Reg 












45 67{]4 5 6 7 
00 0 0/1 0 0 1 
000 %1;1 0 0 0 
001 0/0 1 1 =«1 
001 17/0 11 0 
010 0/0 1 0 1 
o10%1;}0 1 2 ra 8-3 rus Slain ALU Internal Bits 
Oe et Oe 0 Output is same I Oo 1 2 3 a9 6 ‘ 
011 1/0 01 0 No Controls as B Register I : 
100 0/0 0 0 1 i 
1001/0000 Inpur: | 
aS a L 
Output is same as | 
Both AND and OR AHeigsier 













(bits O to 3) 
















Decimal Complement 
(bits 4 to 7) 












Output 
Bits 
4 























oooocooqocooe+- 
oooorr ]20 010 
oorjr roo /0 0/0 
or or or orf oO HIN 
-ooroocoeoc°coc°o.s 
oorrerroooomn 
oorerrfroor - 0 Of 


_ 








Dec Comp A Reg 










If line is inactive, 
output is same as input. 


Carry Controls 
Page 2-16 


Controls carry from 
digit to digit. Bit 


to bit carry is inter- 





nal in ALU. 
KY 131 
1st E Cycle 
A 
Dec or Bin Comp A Register 
Dec Instruction 
A 


Note ?: 


eng position) Decimal S 
B Int 
cay Carry} Bit 






Output 


Test Test Test 
it False False 


Fals 
0 
1 
0 
0 
0 
1 
0 
0 
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=] 
- 


D 
® 
© 
© 
o 


+32 007-5008 


-o-020-+0 
---- 2008 
-O2+-00-0 
vseren=s 
-o00+-000 
Oo-c0o00-00 
pameee ec. 
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Binary Subtraction 


The following figure shows a decimal comparison 
between the conventional method of subtraction 
and the type of subtraction used by the System/3. 





2 
Minuend 23 2 4 
Subtrahend 1 2 4 6 
Total 1 °=#0 


Conventional 


Minuend (reduce minuend 
and borrow by 1 with borrow) 
value ee 
12 14 
2 3 2 
1 "1 " 6 ait 
5 en 
Carry 1 1 eee 
Total 10 #7 8 Carry 
value 
System 3 


(increase subtrahend 
by 1 with carry) 


Under the conventional method, whenever it is 
necessary to borrow from the next position, the 
minuend is increased by 10 in the position where 
the subtraction is taking place and decreased by 
1 in the position that is borrowed from. For 
instance, when subtracting the 6 from the 4 in 
the units positions, after borrowing from the 
tens position, the units position of the minuend 
becomes 14. Because of the borrow, the tens 
position is reduced to 1. In this example, another 
borrow is necessary so, after the borrow the tens 
positions of the minuend is 11; this method 
continues to the end of the problem. 


The same result is reached if, instead of reducing 
the minuend by 1 after borrowing, the subtrahend 
is increased by 1 with a carry. Thus, in the tens 
position of the preceding example, the carry 
method subtracts 5 from 12 instead of 4 from 
11 as in the conventional method. 


Binary subtracting is done in the same way except 
for the value of the borrows. Because decimal 
numbers have ascending powers of 10, a borrow 
has value of 10. Similarly, since binary numbers 
have ascending powers of 2, a borrow has a value 
of 2. The following figure illustrates this by 
subtracting the hexadecimal value BF from the 
hexadecimal value EB. 


Minuend and 
borrow value 


3 2 3 2 
B Reg 111 £=0 1 0 1 =#1 + Minuend 
A Reg 1 Op 13.1 1) .7 1 = 1° Subtra- 
th to to {2 hand 
Carry 1? 1) 1 1 


ALU Total 001 0 1 10 0 


EB minus BF 


The minuend enters the ALU from the B register 
and the subtrahend enters from the A register. 























The subtrahend is subtracted bit-by-bit, starting 
with bit 7 and continuing through bit 0. Carries 
from bit to bit are internal but if there is a carry 
from bit 0 it is held in the carry triggers until it is 


After subtracting the first two positions, it be- 





Subtract ay ot : 
Bone ae needed in bit 7. This figure illustrates the subtract 
B Register: Circuits Internal Bit 7 Latches m 
function for a single bit position. 
Subtract 
* A Register Carry to 6 
Carry 
In 
B Register Internal Bit 6 
Subtract 
A Register Carry to 5 
A 
/ Register 
Bits 5 
through 1 
B Register ects Bit O 
Subtract 
A Register Arithmetic Carry Out 
B 
Carry to next Register 


cycle for 3 and 
4 compute time 





comes necessary to borrow in order to subtract 
the third position. This borrow has a value of 2 and 
the result of the subtraction is 1. Using the carry 
method of subtraction, a carry to the fourth 
position gives the subtrahend a value of 2. This 
forces a borrow from the next position which, 
when added to the minuend, gives a value of 3. 
This method continues to the end of the problem. 






Temporary 


Carry Carry within 


modification 


cycle for register 
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Binary Addition 


Binary addition is accomplished by complemen- 
ting the A register and subtracting the result from 
the B register. The A register is complemented 
when a bit is replaced by a no-bit and a no-bit is 
replaced by a bit. In order to get a true comple- 
ment, it is necessary to force a carry into the 
low-order bit of the first character. For example, 
to add the hexadecimal values 8F 83 and 3F 93: 


Borrowed Amount 32 222 22 
Minuend (true) 1000 1111 1000 0011 
Subtrahend 
(complement) 1100 0000 0110 1100 

Carry 1 11111 #1 + Forced 
Carry 


ALU Total 1100 1111 0001 0110 


8F 83 plus 3F 93 


The ALU controls and circuits for binary addition 
are similar to binary subtract. The exceptions are: 
the A register input to ALU is complemented: and 
a carry is forced into bit 7 during the first cycle. 


Arithmetic Carry Out 
(First cycle of operation) 







* B Register 





Binary 
Comp 
Circuits 


A Register 











Binary 
Complement 







A Register Subtract 









Bit In = No Bit Out 
No Bit In = Bit Out 


Decimal Subtraction 


The ALU subtracts the binary numbers in bytes. 
However, because a single decimal number only 
uses one-half of each byte, the ALU must subtract 
each half separately. Thus, a carry from bit 4 to 
bit 3 is used to set the digit carry trigger. 


Subtract 


B Register Circuits 









Carry to 6 





A Register 





Bits 6 
and 5 


B Register 









Arithmetic Carry to Bit 3 





A Register 







Carry Digit 







Carry to 
ALU Bit 
7 for next 
digit posi- 
tion 


Subtraction is done is the same way as binary sub- 
traction as long as the minuend (B register) is lar- 
ger than the subtrahend (A register). But, because 
the ALU is capable of handling digits up to 15 
(hex F) and in this case the digits have a maximum 
value of 9, the ALU reaches an incorrect decimal 
result when there is a borrow from the next digit 
(A register larger than B register). This difference 
of 6 must be subtracted from the result in order 
to reach a correct result. 


B Larger Than A A Larger than B 
8-3 3-8 


222 2 
Bregister 1000 Bregister O0O11 
A register 0011 A register 1000 


Carry 111 Carry 
Total 0101 Total: 1011 
Note: 2 
Subtract and complement Total 1011 
functions affect only the Decimal Correct 0110 


digit portions. The zone Carry* 1 
portion is not affected. Corrected Total 0101 


*Mathematical carry; not done by carry circuit 


The decimal correct circuits are activated by the 
carry from the bit 4 position. 


The following figure shows the data flow for deci- 
mal subtraction and contains a table of the bit 
correction for the legitimate decimal characters. 


Bits 0 to 3 of the low-order decimal character con- 
tain the sign of the field. The ALU output for 
bits 0 to 3 is determined by the sign control cir- 
cuits and is discussed with the individual opera- 
tion descriptions. 


ALU 
Latches 
7 through 4 











B Register 






Decimal 
Correct 
Circuits 





Internal Bits 7 through 4 












Arithmetic Carry to Bit 3 






A Register 


Subtract 











Decimal Instruction 


oOOrfr -]- - -= 2S a= = = 
"~- oO 00 0Ofr ++ 2 
-- O00; r/- 00+ = 
o- or or 0-0 + 
ooocoooco--+ 





ooocr2r72-+00 








oorerccerf--+-c00 
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ALU P Bit Generation 


& Check Carry to ALU (bit 7 position only) ‘ 


_ 


2-16 ae 
Carry In = 


(to next bit) 


2-15 


in —_—a Check Parity Bit 
A —e hiee me 


B Register Bit P 


B Register Bit 5 
(not) B Register Bit 6 





> Dec Sub Gate 


2-15 A 
Arith Carry to Bit 3 


(no P bit) 
0 
1 
ee 
B AV162 3 ALU 
OR ; Cy % AV172 4 
Numeric AV182 5 
2-15 AV 192 6 
AND | 5 
Numeric 
B AV 132 


Check Position 


> Arith Carry to ALU (bit 7 position only) . 


_ ——e 
——— 
—_ 





—_— 


2-16 pe tae 
Carry In x— 





A Register Bit 5 


A Register Bit 6 fi 


= Dec Compl A Ragister 
2-15 


A Register Input 


m 
< 
oe 
3 


* 
\ (no P bit) 
\ 
\ 
\ 
\ AV 102 
\\ (not) B Register Bit 1 
\ 

\ ee 

\\ (not) B Register Bit 3 

‘ (not) B Register Bit 0 

Test False ‘i 
Change ALU 2 Bit 
Ww [c® 
AV202 \\ 2-15 
Av212 ' 
AV222 A Sign Control 
AV 232 \\ BG 
\ 
\x 
Internal Bit . (bit 4 position only) 






Single Bit Position 


oe 
a AV112 Six Correct Change P: 


A Register Bit P 





Even Not OCD 


B Register Complement P Bit 


(not) ALU Bit 5 (internal) 


ALU Bit 6 (internal) (bit O Position only) 





{six correct) 
AV 142 Check Carry Out 
-*e 
Lae 
eo 
a a” Check Carry to Bit 3 rey 
/ 2-16 
(bit 4 position only) 
Check Odd 
OE 
AV 132 


ALU Parity Error 


Even 
' (page 2-18) 


A Register Complement P Check 


NID OP Plopymol]—-|fotwv 


AV 102 


A Register Compl 
Bits Even 


: ee 
ee 


AV 132 


Legend: 
Shows circuitry used only during operation 
noted on input line. When shaded input 
of OE is not used, output changes with 





other input. 
Arith Carry Out 2-16, 
2-32, 2-55 
Arith Carry to Bit 3 (decimal) [Dc> 
2-16 
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Decimal Addition 


To add decimal digits, it is necessary to complement 
the A register and subtract it from the B register. 
However, since the characters being comple- 
mented are decimal, the binary equivalent of 

the 9s complement is used. 


2233 

B Register 0011 

A Register Complemented 0111 
Carry* 1111<— Forced 

Total 1011 

2 
Total 1011 
Decimal Correct 0110 
Carry* 1 
Corrected Total 0101 


B Register (3) plus A Register (2) 


*Mathematical carry; not done by carry circuits 


As in subtraction, if the complemented A register 
digit is larger than the B register, the result must 
be corrected. 


The following figure shows the decimal add data 
flow with a table for the 9s complement of the 
legitimate decimal digits. 


Arithmetic Carry Out (1st cycle) 













B Register 
Internal Bits 7 through 4 
Arith Carry to Bit 3 
A Register Decimal 
. Complement 
Bits 7 Circuits 
through 4 
Subtract 
Decimal Complement 
A Register Decimal Instruction 


Output 
Bits 
4 5 6 


0 
0 
0 
0 
0 
0 
0 
0 
1 
1 


oof —-+- O00 0 
oor ro0or - 0 0° 
-O}f,07r70 +00 
oor-r0oo0or - 00 
o-o-o0or0 +0 


oooocooooqco-- 
oooonrrr 00 





ALU 
Latches 
7 through 4 


FL 


FL 
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Recomplement 


Decimal adding or subtracting under certain con- 
ditions produces a result that is a complement form 
of the correct result. This requires a recomplement 
operation whereby the result is fed through the 
ALU a second time to change it to its true form. 

A recomplement is necessary if the operation is: 


@ An add operation with unlike signs for the two 
fields and the A-field is larger than the B-field. 


@ A subtract operation with like signs for the two 


fields and the A-field is larger than the B-field. 


@e Aresult is minus zero. 


The need for a recomplement cycle is signaled by 
a carry from the high order position of the field. 
In the case of a minus zero result, the recomple- 
ment is signaled by the condition register and is 
covered under the decimal operations. This figure 
contains the data flow for recomplementing. 


Arithmetic Carry Out (1st cycle) 


B Register 


Decimal Complement 


B Register 


A Register 
(1 in 1st cycle) 


Decimal Complement 
A Register 





Dec 
Comp 
Circuits 


Dec 
Comp 
Circuits 


Subtract 


Decimal !nstruction 









Decimal 
Correct 
Circuits 









Arith Carry 
to Bit 3 


ALU 
Latches 
7 through 4 





The following figure illustrates the method used to 
recomplement. After subtracting 52 from 27, the 
ALU result is 75. To recomplement, the result is 
fed back through the B register and is decimal com- 
plemented before entering the ALU. The A regis- 
ter is set to 1 on the first cycle and is left blank each 
remaining cycle. The decimal complement of the 
A register is subtracted from the B register com- 
plement. A carry is forced into the first digit just 
as in regular complementing. The final result is the 
10’s complement of the original result. 


Subtract Cycles 


Borrowed Amount 22 2 
B Register (9s Complement) 0010 0111 
A Register (9s Complement of 1) 0101 0010 
Carry 11 
—— ae Borrowed Amount 32 
Total 1101 0101 ————> Total —_—+ 1101 
Decimal Correct 0110 
Carry * 11 
Total 0111 
Recomptement Cycles 
Borrowed Amount 2 2 2 22 
B Register (9s Complement) 0010 0100 
A Register (9s Complement of 1) 1001 1000 
Carry 11 111<+— Forced 
= —— Borrowed Amount 22 
Total 1000 1011 -——_—_____—_+ T otal —__——_—_——_—+. 1000 
Decimal Correct 0110 
Carry” 11 
*Mathematical carry; not done by carry circuits Total 0010 


0101 


0101 


1011 
0110 
1 


0101 (minus) 
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ALU CONTROLS (Part 1 of 2) 


2-41 


| : Edit Inst 
EA Cycle 





E Cycle 


CI 3C to 5C 
1st E Cycle 


Dec Instr 


B Reg Bit 2 


Recompl Cycle 


Zero and Add Instr 


EB Cycle 


ples 
ei 











PD I-R Program Backup 


2-2 


-41 


N 


Bin Add Group 


Chan Binary Subtract 


|-R Cycle Skip True 


Bin Add or Sub Group 


Test Mode (sw) 
Fast I-Cycle 


EB Cycle 






Recompl Cycle 


Sign Control 







Dec Instr 
KY101 





Change ALU Bit 2 


Ee 


KY 101 





; A 
Op Bit 7 a 
KY111 
A Reg Bit 2 
SDR Sign Minus 
Ist E Cycle 
Clock 3CD 


SDR Sign Minus 





3CD Clock KY121 
FL B Reg Sign Minus B Reg Sign Minus 
(not) A Reg Bit 2 Clock 3CD Bin 
KY101 System Reset oR | Odd CD Compl Bin Comp A Reg 
KY101 
FL 
Set or Test Off ‘6 
EB CI3C to 5C 
c KY121 
I-R Cycle 
eZ alle 
(not) Clock 3 and 4 pr 
Bin Add Group 
FC Instr (fill character) 
EB Cycl 
ycle A 
C! 5 through 0 
1/0 not CE Mode 
ol 
(not) Cl 3C to 5C 
A 
Bin Sub Gate 
KY141 
EB Binary Add or Sub 
A é . 
EB Clock 3C to 5C EB Binary Add or Sub KY121 
OR Gate 
OR Numeric 
A A 
Move Zone LN) 
—_—- N 
AND Gate mie? 
AND Numeric 
A 


Move Numeric 


A 
EB CI 3C to SC ia! 
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Sign Control 


Change ALU Bit 2 


Dec Sub Gate 


Dec Comp A Reg 
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Ro 
— 
NO 


NO 
—_— 
N 


NO 
—_ 
NO 


~~ 
Oo = 
“WN 


~ 
nN 


~ 
N 
~I 


Dec or Bin Comp A Reg [a> 


2-16 


~ 
N 
S 


2-32 
55 


2-15 


2-16 


ALU CONTROLS (Part 2 of 2) 


Arith Bin Carry Out 







> Fast I-Cycle 


2-39 Clock 7 and 8 


Arith Carry to ALU ES 


2-12 





Clock 5 and 6 


a 1-R Cycle Skip True 
-39 
fee) Arith Carry to Bit 3 (decimal) 
12 a 


Clock 7 and 8 


NO 


NR 


a 












Arith Bin Carry Out Carry Check 
2-19 
2-12 A 
A [oR EB 3C to 5C KY131 
le» EB Binary Add or Sub 
2-15 
A 
ES. Check Carry Out (binary) 
2-12 Dec Instr i 
: : A 
|e» Check Carry to Bit 3 (decimal) ila Check Carry 
= to ALU > 
-1 
ve Check Carry Out Temp Car Chk | | Dup 
2-12 
2-2 
Clock 7 and 8 
A 
E> Dec or Bin Comp! A Reg (Force Carry) 
(not) C! 7C to 1C ‘x 
2-15 
Ist E-Cycle 
(not) EB-Cycle KY131 


(not) Ci 3C to 5C 


CHECK ALU 
Parity Generation and Parity Check 


Correct parity is generated for the ALU output. 
After the data leaves the A and B registers, it can 
be altered by the decimal and binary complement 
circuits, the ALU, the decimal correct circuits, and 
the sign control circuits. The parity changes caused 
by the ALU and these circuits make it necessary 
to generate correct parity for the ALU output. 


A second ALU, or check ALU, is provided to deter- 
mine the parity changes which take place within the 
ALU. 


B Register Dec 
Comp 
A Reaister Decimal Binary 
Comp Comp 






The check ALU does not have a latched output, 
decimal correction, or sign control, but otherwise 
performs similarly to the ALU. The output of the 
check ALU 1s a group of exclusive ORs that count 
the number of changes made to the B register 
complement after it enters the ALU. 


The check ALU output is then added to the changes 
caused by the B register complement, sign control, 
and the decimal correct circuits to determine if a 

P bit is required for the ALU. The output of the 
ALU is then checked to ensure that it has odd 
parity. 

The A register complement circuits are checked 
separately. Incorrect parity from either the ALU 


or the A register complement circuits cause an 
ALU parity error. 


2 


Sign 
Control 









Parity 
Generate 
Circuits 









Dec 
Correct 


A Register Complement P Check 


Carry Check 


An additional set of carry triggers is used to con- 
trol carries from the high order bit of the check 
ALU. The triggers function identically to the 
digit carry trigger and the temporary carry trigger 
used for the ALU. The outputs of the two carry 
control groups are then compared to check for 
the correct number of carries for the ALU. 











Carry 
Check 
Triggers 


Carry Check 


Carry 
Triggers 


ALU 
Latches 







Decode 
Even 


ALU Parity Error 


Processor Functional Units 


5415 TMD 


2-17 


ALU Parity Checking 


ALU P bit 


ALU P Bit 
generate FL 
circuits 
AV 132 
Bits Oto 7 Even 
AV 132 
=z 
e Bits 0 to 7+P |FOMP | Complement Bits even [A Rea Comp P Check 
Reg " Drum Switch 
AV102 AV 102 Sw 
Pos 
8 
RA111 PC101 
RA121 
Dec Comp A Reg Aaa 
Bin Comp A Reg 
Phase CD ALU Parity Error 
Ss 
Odd Not 9 
P Check Stop Switch A a 
[MS tnitial Memory Scan 
6-4 
KB121 


Check Reset Key 
TT) IPL or System Reset Gate 


System Reset 


System Reset Key 


Process Mode 








KB141 


ALU Parity Error 





Proc Chk Display 





KB141 


A 


KB131 


Proc Ch 


PC111 


Note: Rotate drum switch to position 5 to 
display ALU and A register contents. 


ALU P Chk Displ 


Display Bit 1 Lo 


PB101 


KE293 


k 


Load Check Latches 


Reset Check Latches 


2-19, 2-22, 
2-31, 2-45, 
2-57, 3-13, 
4-125, 4-130 


2-19, 2-22, 2-31, 
2-40, 2-43, 2-45, 
2-57, 2-58, 3-13, 
4-120, 4-125, 4-130 


2-18 


Carry Check 


Dec Inst 





Arith Carry to Bit 3 





Bin Add or Subt 


Arith Binary Carry 


AV211 
Dec Inst 
Check Carry to Bit 3 
Bin Add or Subt 
Check 
ALU Check Binary Carry 
AV121 
AV171 
AV181 
AV191 
AV201 


Carry Check 


Even Not O a 
FR. Load Chk Latches FL 
2-18 
lac) Reset Check Latches KB101 
2-18 


Note: Rotate drum switch to position 5 to 
display ALU output, to position 4 to display 
ALU controls and carries. 




















= 
Digit 
Carry 

Circuit 






= 
Temp 
Carry 
Circuit 












KY 131 


(Clock 5 through O) 


(Clock 3C to 5C) 


Digit 
Carry 


Check 
Circuit 
KY131 


Temp 
Carry 


Check 
Circuit 


KY131 
(Clock 5 through QO) 


KB141 


(Clock 3C to 5C) 


Carry 
Check 


OE 


KY131 












Drum 
Switch 


Proc Chk Display 


KB111 


Proc Check 


PC111 


Carry Chk Displayed 


Display Bit 7 Hi 


KE295 = 


PB101 
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A-REGISTER AND CONTROLS 
A-Register 


All data that modifies the contents of the B 
register in the ALU is buffered in the one-byte A 
register. The modifier comes from the local stor- 
age register (LSR), the condition register (CR), or 
from an 1/O device on data bus in (DBI). For 
normal address modification, output of the 

LSRs is fed to the B register and through the 
ALU while the A register provides the forced 
modifier. 


2-39 


With the exception of disk operations, all incom- 
ing 1/O data is fed through the A register and into 
the ALU. However, on disk operations two bytes 
of data are transferred at one time. One byte is 
fed through the A register and ALU and then into 
main storage. The other byte is gated directly to 
main storage on the extended channel. 


2-3 


1-Op Cycle 
Clock 1 and 2 


| Q Cycle 

Clock 2 and6 

Add to Régister or Store Instruction 
(not) 1st E Cycle 


KG131 


EB Cycle 


2 Address Format 
Clock 1 and 2 


(not) Decimal Instruction 


(not) EA Eliminate 


Dp Reg Num Blank 


2-44 


Recomp Cycle 

Ist E Cycle 

EB Clock 3 and 4 

t/O Not CE Test 

CE Test No Increment 


A A Gate LSR HitoA 
Clock 3 and 4 


Misc Bit 3 to A 


Force Bit 7 to A 


Clock 1 and 2 


Clock 3 and 4 


Sense 1/O 


Clock 3 and 4 


EB Cycle 


| R Cycle Skip True 


Op Register Bit 4 
EB Cycle 
2 Address Format 


EA Eliminate 


Add to Register or Store Instruction 


Ist E Cycle 


i 


a 


A 
Gate CRtoA 


Wait State 
Fast I-Cycle 4-115 
2-5 System Reset Hs 
Clock 5 and 6 
ee R Program Backup 2-48 
Force Bit6toA > 
2-2 A 
Clock 5 and 6 7.31 





CR Binary Overflow 


CR Test False 


CR Decimal Overflow 


2-20 


Any Alter/Display-ATT/AMR A 


Gate i/O Bus ToA 















(not) Any 1/O LSR Selected 
1/0 Not CE Test 
EB 3 and 4 


Force P Bit toA 


Zone Numeric Interchange 


A 
le Clock 3 and 4 a 
A 


KG131 


Gate LSR LoToA 


A REGISTER 


A Register Bit P 


Piss 
an 
m= ie 


> 


A Register Bit O 


Lp 






DBI Bus A Register Bit 7 


LSR Lo or Store Data 


Load A and B Register (Odd CD) 


LSR Hi Bus RA111 


RA121 
RA131 


B REGISTER AND CONTROLS 


The B register is a one-byte data buffer. The B 
register contents are gated to the ALU where the 
data can be modified by the A register. The data in 
the FDR (fetch data register) is normally gated 
into the B register every machine cycle, but can 
be inhibited if the operation requires. During 
an |/O cycle, the attachment has contro! of 
gating the data to the B register. 


Wait or Alter-Disp ATT-PMR 


System Reset ‘i 
Fast I-Cycle 





Gate LSR Lo to B 





Clock 5 and 6 


Ta] B REGISTER 


B Register Bit P 


Clock 7 and 8 





i -Disp-ATT-PMR 
Wait or Alter-Disp-A Gate LSR Hi to B 


a EB Cycle 
System Reset 
A 
Clock 1 and 2 
KG141 
B Register Bit 0 

Clock 3 and 4 

(Inhibit FDR Transfer) In 

Recomplement Cycle 
2-56 A 

(not) EB Cycle Gate SDR to B 


(not) Invalid Address 


KG141 
1/O Not CE Test 


> (Chan Block FDR) i s) 


KG151 : ; 
4-100 B Register Bit 7 
(not) Alter SAR or Storage 


RA101 
RA111 





[Lo LSR Lo Bus 
Load A and B Register (Add CD) 


2-31 


Hy LSR Hi Bus 


2-31 
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A/B REGISTER PARITY CHECKING 


DBI 
Translator 
= 
LSR A 
Reg 
RA111 
Misc or RA121 
CR Bits RA131 
(P bit generate if no in- 
put is gated to register.) 
| 
B 
Reg 
RA101 
LSR RA111 
ee) Load Chk Latches 


2-18 


2-18 


E> Reset Check Latches 


(bits 0 to 7 + P) A Reg P Check 
Even 
RA111 
RA111 
(bits 0 to 7 + P) B Reg P Check 
Even : 
RA111 
Even Not O 
A FL 


KB101 


KB141 


Note: Rotate drum switch to position 5 to display A 
register contents, position 4 to display B register contents. 





A or B Reg P Chk Disp! 







Display Bit O Lo 







Drum 
Switch 







Proc Chk Display 





Proc Chk 


PC111 
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AUXILIARY ALU 


The auxilary ALU is a 16 bit multiple function 
unit that receives data from the auxilary B register 
and the storage data bus out (SDBO) and per- 
forms the following three functions with that data: 


e Pass SDBO and auxilary 
B register data through 


e AND 
e ADD 


The aux ALU is used to update the two byte IAR 
and to pass data from storage to the proper register 
during all fast | cycle operations. It is also used to 
update the base displacement during I-X cycles. 


Data can be passed directly through the aux ALU 
or combined by the AND and ADD functions. 
Data passed directly through the aux ALU can be 
incremented by +1 if the carry in signal is active. 


Correct parity is generated for the aux ALU out- 
put and the output gated to the local store registers, 
condition register, OQ register, and op register. The 
use of this output is covered under the individual 
operation. 


ALU Out Bits 0-7 


> Aux B Register Bits 0-15 


2-25 


ES SDBO 8-15 


3-11 


IX Cycle 
(not) Dummy Half Cycles 


2-39 
7/8-OCD 
Clock 7-8 
Clock 0-1 
Phase CD FL 
Clock 2 


 AB141 


Aux 
ar ae Aux ALU Che ALU 
A 
B 
C 
Carry Carry 


Aux Check ALU Out 


Fast | Cycle ce ee 







Clock 2-3 : 
Aux ALU Out Bits 0-15 





Branch or Jump 10 Cycle 







Clock 4CD to 6 
Gated ALU Out 








Fast |-Cycle Bits Hi 
Fast !-Cycle 
A Gated ALU Out 
| Op Cycle N Bits Lo 
, : 
cue |} ne 
Fast | Cycle ABI51 


AB141 
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AUXILIARY ALU CARD CHECK 


Aux 
B 0-15 
Reg Load Check Latches 
Odd Clock Not 9 to Chan x 
OE 
Clock 7-8 
0-7 EVEN Aux B 0-7 Check 
Aux ALU 
Check 


7 Fast !-Cycle Not Dummy FF 
= 3-15 mmm) EVEN | AUX Reg 8-15 P Check - me 
: Auxilary ALU Check al 
SDBO naiGi Reset Check Latches n 
KB121 
AB141 
8-15 EVEN 


od Aux ALU Carry Check 8-15 


0-15 Auxilary ALU Check 
ace uxilary ec 
AB131 Aux ALU P Check 8-15 

8-15 EVEN 





Drum Sw 
AB131 
Sw 
0 Pos A 
Aux ALU Check 0-7 —____ 8 A Display Bit 1 Lo 
1 
; Aux ALU Bit 0 
I A 
! ! - 
! 1 
7 | EVEN 
Aux ALU Bit 7 OE 
AB121 
(aux check ALU carry out) Aux ALU 8-15 Carry Out B 
A o Aux ALU 8-15 Carry Out A z= 
N 
AB131 
5 | Aux B Reg Bit P 0-7 
A (aux ALU carry out) | 
: a A 
el OR Processor Check 
4 


hed A DOT 


= 


Aux ALU SDBO Check [aay 
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AUXILIARY B REGISTER 


The auxiliary B register is a two byte register 
used to buffer the local store register and 
condition register during fast I-cycle operation. 
The output of the aux B register is gated to the 


aux ALU. 


EB Not 1st Cycle 


Clock 1-2 
2 Address Format 


Dec Instr 


EA Eliminate 


Recompl Cycle 


Q Num Blank N 


CR Bin Overflow 


Gate CRto A 


CR Test False 


CR Dec Overflow 


CR Hi 


CR Lo 


Clock 5-6 


IR Prog Backup 


Force Bit 7to A 


CR Eq 





Not Dummy Cycle 
10 Cycle Pwd 
Branch or Jump 
Clock 2 


Clock 6 or 


LSR Hi Bus 


LSR Lo Bus 


CR Bit 2 


CR Bit 4 


CR Bit 6 


Load SAR 


Clock 2 


Clock 7 to Chan 


IX Cycle Internal 


Phase CD Pwd A 


Load Aux B Reg 


\ 


AB101 


Aux B Register 
FL P, 0-7 


ce 
a 


AB101 


rj 
Le 

n 

rc 

© © 


—_ 
oO 


B 


Ee 
7 I 
nT mn n 


mt rr ee eee ee 
— << ee ee ee ee ee eee 


| 
a 






Aux B Register 
Bits 0-15 


2-23 


System Reset to Channel AB101 
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CONDITION REGISTER (CR) (Part 1 of 2) 


The condition register is a six-bit register that 
contains the six conditions the system may test 
as a result of instruction execution. These six bits 
are tested as follows: 


2: 3° 4: 67 

x x xX x x 7 Equal condition 

x x xX x 1 xX Low condition 

x x x 1x x High condition 

x x 1x xX x Decimal overflow condition 
x 1x x x x Test false condition 

1x xx x x Binary overflow condition 


‘The equal, low, high, and binary overflow condi- 
tions reflect the result of executing the last instruc- 
tion that affected them (one of the following): 

e Add zoned decimal 

e Zero and add zoned 

e Subtract zoned decimal 

e Edit 

@ Compare logical characters 

e Add logical characters 

@ Subtract logical characters 


e Add to register 


e Compare logical immediate 


The decimal overflow or the test false condition 
can be reset by: 


@® Branch on condition. 

@ Jump on condition. 

@ Load register (PSR) instruction. 

@ System reset. 

System reset initializes the condition register to: 
@ Equal condition. 

@ Not overflow condition. 


@ Not test false condition. 


The condition register may be loaded from the 
ALU output, but normally the bits are set in- 
dividually in the latches by the CPU logic as a re- 
sult of instruction execution. When the CR con- 
tents are needed for program testing, its output is 
fed to the A register and into the ALU. 


The lower six bits of the PSR (program status 
register) contain the image of the condition 
register for the specific program level. PSR is used 
to save and to initialize condition register settings 
of the individual program levels. 


The conditions of the |/O attachment logic are 
stored in registers in the attachment and do not 
affect the state of the condition register. 


Condition Register Settings 


Decimal Compare 
Arithmetic Sub Logical 


7 Result is First Operand 
Zero is Equal to 
Second 


Negative First Operand 
is Lower than 
Second 
High 5 Positive First Operand 
is Higher than 
Second 
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Add Branch or 
Logical Add Jump on 
to Register Condition 


Result is Source 
Zero is Zero 
No Carry and Negative 
Non-Zero 

Result 





Decimal Overflow 
Overflow 


Test Test False 
False Reset if 
Tested 
Overflow 
Overflow 


Overflow 
Reset if 
Tested 


Carry and Positive 
Non-Zero 
Result 





CONDITION REGISTER (Part 2 of 2) 


B Reg 20 


Edit Instr 


Clock 1 and 2 


Load CR Instruction 


1st E-Cycle 


ES. Bin Add or Sub Not Move 


2-41 EB-Cycle 


t Dec Instruction 
co Edit Instruction 


2-41 


EA-Cycle 


A 
Ist E-Cycle 
|» B Register Sign Minus 


2-15 
Decimal Sub Gate 


(not) ALU Bit 2 
2-15 
Arith Carry Out (see note) 


x Op End Gate 


Ce 


he Bin Add Group 


2-41 


i. Q Register Blank 


2-44 


S) Dec Compl A Reg 


2-15 


Branch or Jump Instruction 
1-Q Cycle 
Clock 8 


Ee. Test On Off Instruction 


2-41 


Note: This line indicates an ALU carry © 


on subtract and a not ALU carry on add. 


Reset CR 





System Reset 





Clock 5B 









(not) ALU Bit 7 







Load CR 


(not) ALU Blank 
Clock 5B 






CR Equal (bit 7) 





(not) ALU Numeric Blank 


Not CR Equal 
KG101 
CR Lo/Not Hi é A 


A 


KG111 


CR Bin Ovfl CR Binary Overflow (bit 2) 
FL 
BE CR Parity (bit P) 
OE 





Ist E-Cycle 
Clock 1 and 2 









CR Hi (bit 5) 






CR Lo (bit 6) 





Clock 5B 






ALU Bit 2 






ae 






Load CR 










1st E-Cycle 
Clock 1 and 2 


== 


KG111 







CR Dec Ovfl 





A ALU Bit 4 CR Decimal Overflow (bit 4) 





(not) Recompl Cycle 
(not) Arith Carry to 3 






B Register Bit 4 Clock 5B 

A 

A ALU Bit 3 
Test False CR Test False (bit 3) 
A EB Cycle FL 

B Register Bit 3 Test False 

Test On Off Instruction| A 

Clock 5B KG121 
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PROGRAM MODE REGISTERS (PMR) A description of each PMR bit is presented below Bit 2 
Par 
(Part 1 of 2) (see ® on next page). 
The nine program mode registers (PMR) control 
the Model 15 CPU functions and are the interface Byte 1 
between the programmer and the CPU hardware. 
BitO 1/0 18th bit 
Each of the nine PMRs is uniquely associated with 
one of the eight interrupt levels plus the program This bit is used in conjunction with LIO 
level: Since each machine level nas its own PMR, 2nd SNS commands to:load-and senseahe 
the interrupt routines and the main program can 18th address ‘bit desociated with each 1/0 
independently use the enhanced functions of the device (SR 
CPU. : 
If this bit is on and an LIO is issued to a 
As interrupts occur and take control from the main device LSR’ the 1th bit inthe selected Bit 3 
program or lower level interrupts, the PMR for LSP ieturned on: Lf this:bit isoffand 
that interrupt is selected. When interrupts are re- an LIO is issued to a device LSR. the 
set, system control falls back to its previous level. 18th bit inthe selected 1SR is Sinead 
The PMR that was in Comes previously is selected Oth. When a SNS commands issued to 
and processing resumes as if the interrupt never a device LSR. the 18th bit in the PMR 
occurred. (bit 0) is set to the state of the 18th bit 
in the selected device LSR. The PMR 
When a program changes the contents of the may be stored in memory and bit 0 
current PMR, the new contents are effective at inspected to determine the contents of 
NSI (next sequential instruction). the device LSR. Since a two instruction 
. sequence (LCP, LIO or SNS, SCP) is re- 
The contents of the PMRs are indeterminate after quired to set or inspect the 18th bit in 
power up. The controlling set of polarity holds the 1/O LSR, an interrupt may occur 
(active PMR) are, however, forced to privileged mode ieuenn hese iaraenone. Each it 
active and all others are inactive. The system is terrupt level, however, has its own PMR Bit 4 


then referred to as being in Model 10 mode. The 
CPU remains in this mode until the first load PMR 
instruction is executed. 


The program level PMR must first be loaded, then 
the interrupt level PMRs are loaded. This must be 
done before any interrupts occur to prevent pos- 
sible checks caused by using the indeterminate 
contents of the PMRs after power up. 


Bit 1 


The ATT control bits (1, 2, and 3) and the storage 
protect bit (6) must not be turned on until the 
contents of the ATT/SPT have been set by the 
program. To do so would result in checks be- 
cause the ATT/SPT contents are also indeter- 
minate after power up. 


and one level will not destroy the results 
of another. It is not necessary to set on 
the mask interrupt bit while executing 
this two-instruction sequence. 

Address translation EB cycles 

When this bit is on, the output of the ATT 
is used to develop a 18-bit real address 
during EB cycles only. EB cycles are used 
to fetch, modify, and store the contents 
of the B field (operand 1). If the B field 
is above 64K of storage, this bit must be 
on and the ATT must be appropriately 
loaded. If the B field is below 64K of 
storage, the ATT may be used but is not 
required. This bit must not be turned on 
until the ATT contents are set after power 
on. This bit should be off while the ATT 
contents are changed. 


Address translation EA cycles Bit 5 
When this bit is on, the output of the ATT 
is used to develop a 18-bit real address 
during EA cycles only. EA cycles are 

used to fetch the contents of the A field 
(operand 2). If the A field is above 64K, 
this bit must be on and the ATT must 

be appropriately loaded. If the A field 

is below 64K of storage, the ATT may 

be used but is not required. This bit 

must not be set on until the ATT con- 
tents are set after power on. 


Address translation | cycles 


When this bit is on, the output of the 
ATT is used to develop a 18-bit read 
address during | cycles. | cycles are used 
to fetch the instruction to be executed 
from main storage. If the instruction to 
be executed is above 64K of storage, this 
bit must be on and the ATT must be 
appropriately loaded. If the instruction 
to be executed is below 64K of storage, 
the ATT may be used but is not required. 
This bit must not be set on until the ATT 
contents are set after power on. 

Bit 6 


Privileged mode 


When this bit is on, the system is in priv- 
ileged mode and all instructions can be 
used, If the bit is off, the following in- 
structions cannot be used: 


LIO 

SNS 

SIO 

TIO 

APL 

HPL 

CCP except when O equals 10 

LCP 

SCP Bit 7 

L, ST, A except when O equals 01, 02, 
04, 08, 10, 20, or 40 


If an attempt is made to execute these 
instructions, a program check interrupt 
results (a processor check if interrupt level 
7 is not enabled). This bit has no signi- 
ficance for interrupt level 0. The system 
is automatically in privileged mode when 
the CPU is in interrupt level 0. 


1/O 17th bit 


This bit is used in conjunction with LIO 
and SNS commands to load and sense the 
17th address bit associated with each I/O 
device LSR. 


If this bit is on anda LIO is issued toa 
device LSR, the 17th bit in the selected 
LSR will be set on. If this bit is off and 

a LIO is issued to a device LSR, the 17th 
bit in the LSR will be set off. When a 
SNS command is issued to a device LSR, 
the PMR 17th bit (bit 5) will be set to 
the state of the 17th bit in the selected 
LSR. The PMR may be stored in memory 
and bit 5 inspected to determine the con- 
tents of the device LSR. Since a two- 
instruction sequence (LCP, LIO or SNS, 
SCP) is required to set or inspect the 17th 
bit in the [/O LSR, an interrupt may 
occur between these instructions. Each 
interrupt level, however, has its own PMR 
and one level will not destroy the results 
of another. It is not necessary to set on 
the mask interrupt bit while executing 
this two instruction sequence. 


Storage protect 


When this bit is on, the storage protect keys 
in the SPT (bits Oand 1) are inspected 

for each memory cycle except t/O cycles. 

A violation causes a program check interrupt 
or, if interrupt level 7 is not enabled, a 
processor check occurs. When this bit Is 
off, the protect keys are ignored and all 
locations are available to the program. 

This bit must not be set until the SPT has 
been properly loaded. Furthermore, to 
prevent an error indication, this bit must 

be off whenever the SPT contents are 
changed. 


Mask interrupts. 


When this bit is on, all interrupt requests 
(except program check) remain pending 
and the CPU remains in its present inter- 
rupt level. 


Byte 2 


Bit 7 
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This bit may be set in the program level 
or any interrupt level. Once set, the CPU 
cannot change levels until the bit is set off. 
This bit must be set off before any inter- 
rupt is reset. Failure to do so causes the 
CPU to remain in that interrupt level. 
Caution should be exercised when using 
this bit because it could Uause an overrun 
in those devices whose interrupts must 
be serviced within a certain period of 
time. 


Bits 1 through 6 exist for each machine 
level, but bit 7 is common to alt levels. 
Once bit 7 is set, the machine cannot pass 
to another level. Independent control of 
the mask bit is not required. 


The mask bit is always effective immedi- 
ately to prevent or allow interrupts that 
could occur before the next instruction. 


1/O 19th bit 


This bit is used in conjunction with LIO 
and SNS commands to load and sense the 
19th address bit associated with each I/O 
device LSR. 


If this bit is on and an LIO is issued to a 
device LSR, the 19th bit in the selected 
LSR will be set on. If this bit is off and 
an LIO is issued to a device LSR, the 19th 
bit in the LSR will be set off. When an 
SNS command is issued to a device LSR, 
the PMR 19th bit (bit 7) will be set to 
the state of the 19th bit in the selected 
LSR. The PMR may be stored in memory 
and bit 7 inspected to determine the con- 
tents of the device LSR. Since a two- 
instruction sequence (LCP, LIO or SNS, 
SCP) is required to set or inspect the 19th 
bit in the 1/O LSR, an interrupt may 
occur between these instructions. Each 
interrupt level, however, has its own PMR 
and one level will not destroy the results 
of another. It is not necessary to set on 
the mask interrupt bit while executing 
this two-instruction sequence. 


PROGRAM MODE REGISTER (PMR) Opi 
(Part 2 of 2) 
Bin int Bit 1 if al PMR Address 1 
ane 
Q Bit6 a 
aan 
Bin Int Bit 2 Pe = lta PMR Address 2 
ee 
Q Bit 5 Pea 
Cte 
Bin Int Bit 4 an fall PMR Address 4 
dee 
QBit4 r| 
y= 
Any IntO-7 fo PMR Address 8 
Tall: 
Gate Q to PMR | 
KP102 1/0 LSR 18th Bit 











The program level PMR is 
selected if all lines are inactive. 


To Store Data Assembler 
and Display PMR 
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e 1/0 
ALU Bit 0 is 8 Xx 18th 
A Bi Active PMR 
Ne = Active PMR 18th Bit 
A }-—X vite 
ALU Bit 2 3 reaixt EA 1 
Alter ATT/PMR Sw aan pee oars 
Q Bit 2 A A 
1/0 Cycle Eo we x 1 Active PMR EB Xlate On 
ALU Bit 1 
| ee ay 
A 
Active PMR EA Xlate On 
ALU Bit 4 u / 2 
| Active | Cycle Xlate On To Active 
ALU Bit 3 x PMR Display 
Load PMR instr 1 saa Systant 
Control 
* Privi Mod 
Load Current or rivileged Mode 
Command CPU or 
PMR Load ALU Bit 6 j i 
x Xx Active PMR 17th Bit 
1/O LSR 17th Bit F Active PMR SP Bit 
QO Bit2 A (storage protect) 
[- 
ALU Bit 5 
I/O LSR 19th Bit fs SEF x if y 
A 
A SNS EB Any LSR Seld Gree x 7 Mask Interrupt 
ALU Bit7 | 
x a 
| | A Byte 7 Active PMR 19th Bit 
Clock 4 p Op End (Clock 8) 2 
Clock 4 (not) Display ATT/PMR (sw) ‘ Load PMR A ee bi KhadKine Advance KP102 
SNS EB Any LSR Seld (not) Store PMR Instruction = ce | A oad (Interrupt 0) 
Clock 5 KP122 te FL ALU Bit 7 
2nd E Cycle A This latch prevents gating PMRs 
System Reset into the active PMR until after A 
the first load PMR instruction. 
KP102 A 
System Reset 
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LOCAL STORAGE REGISTERS (LSR) 


The LSRs consist of two addressable HDB (high 
density buffer) units that maintain: 


@ Sequential instruction addresses. 


® Current operand addresses during instruction 
execution. 


@ |/O data area addresses. 
In addition, LSRs contain: 


e Index registers for modification of operand ad- 
dresses. 


@ Interim storage for data, length count, and pro- 
gram condition status referred to as scratch pad 
type of storage. 


Page 2-33 list the LSRs for the system and avail- 
able features. To read out data, only the select 
lines are needed. To write, ‘data’, ‘write hi or 
write lo’, and the ‘LSR select’ lines are needed. 
Following are summaries of the functions of the 
base system LSRs: 


IAR (Instruction Address Register) 


The IAR contains the location of the next sequen- 
tial instruction byte that is read out of storage. At 
the beginning of each |-cycle, the address in the 
JAR is gated into the SAR so that the address 
can be decoded. During each I-cycle, the contents 
of the IAR is incremented by 7 in preparation for 
the next I-cycle. 


AAR (A-Address Register) 


The AAR contains the storage address of the next 
byte that is addressed in the A-field. During 
I-cycles, the A-field address is taken from the 
instruction and loaded into the AAR. At the 
beginning of each A-cycle, the address in the AAR 
is gated into the SAR. During each A-cycle, the 
contents of the AAR is decremented by 1 in 
preparation for the next A-cycle. 


BAR (B-Address Register) 


The BAR contains the storage address of the next 
byte that is addressed in the B-field. During 
l-cycles, the B-field address is taken from the 
instruction and loaded into the BAR. At the 


beginning of each B-cycle, the address in the BAR 
is gated into the SAR. During each B-cycle, the 
contents of the BAR is normally decremented 
by 1 in preparation for the next B-cycle. 


Index Register 1 and Index Register 2 


These registers can each store a two-byte address 
to be used in indexing operations. During an 
indexing operation, the CPU automatically adds 
the single byte displacement from the instruction 
to the contents of XR1 or XR2 to obtain the 
actual B or A-field address. The contents of the 
index registers are not changed as a result of the 
addition. The resulting address is placed in the 
BAR or the AAR. 


ARR (Address Recall Register) 


On a branch instruction, the ARR contains the 
‘branch to’ address. On a decimal instruction, 
the ARR retains the starting address of the B-field 
in the event recomplementing is required. On an 
insert and test characters instruction, the ARR 
contains the address of the first significant digit 
encountered. 


LCR (Length Count Register) 


The LCR is a one byte register that contains the 
length count of the B and A-fields. It is decre- 
mented by 1 on each B-cycle except the first one. 


DRR (Data Recall! Register) 


The DRR is a one byte register that provides 
temporary storage for the data character read out 
of storage during each A-cycle. It is also used to 
store the Q code of single address instructions. 


PSR (Program Status Register) 


The high byte of the PSR is used as the LCRR 
(length count recall register). The LCRR is used 
only during a recomplement operation. It stores 
the length of the data fields and is decremented 
on each recomplement cycle except the first. 
The low byte of the PSR is used as the condition 
recall register (CRR). The CRR is an image of the 
condition register and is used to store the contents 
of the condition register. 


MRDAR (MFCU Read Data Address Register) * 


The MRDAR contains the storage position that is 
to be addressed next while reading data from a 
card into the card read area in core storage. 


MPCAR (MFCU Punch Data Address Register)* 


The MPCAR contains the storage position in the 
MFCU punch data area that is to be addressed 
next during a punch operation. 


MPTAR (MFCU Print Data Address Register) * 


The MPTAR contains the storage position in the 
MFCU print data area that is to be addressed next 
during an MFCU print operation. 


LPDAR (Line Printer Data Address Register) 


The LPDAR contains the storage position in the 
line printer data area that is to be addressed next 
during a print operation. 


LPIAR (Line Printer Image Address Register) 


The LPIAR contains the storage position in the 
chain image area that is to be addressed next 
during a print operation of the line printer. 


Interrupt Level 0- 7 Instruction Address Registers— 
These registers contain the address of the next se- 
quential instruction byte to be read out of storage 
during an interrupt level operation. 


Interrupt Level 0 - 7 Address Recall Registers— 
These registers have the same function as the 
P-ARR, but are active only during that interrupt 
level operation. 


The registers are paired to give an LSR Hi (the high- 
order byte) and an LSR Lo (the low-order byte). 


Only one byte can be written into an LSR at a time. 


To write into an LSR, it is necessary to activate the 
select line for a pair of registers and the ‘LSR write 
Hi’ or ‘LSR write Lo’. All 18 bits for the LSR 
selected are available at the output of the LSR ar- 
ray. These bits can be gated to the SAR (18 bits), 
the B register (9 bits), and the A register (9 bits) 
for modification of the addresses in these registers. 


“These registers are used for the card !/O device 
that is installed. The base system has one of the 
following devices installed: 5424, 2560 or 1442. 


LSR select and write lines are normally controlled 
by the CPU. However, during an I/O cycle, the 
1/O attachment can control the select lines for the 
LSR assigned to it. 


A description of the CPU LSRs and LSR parity 
checking may be found on page 2-31. 


A description of the |/O LSRs may be found 
on page 2-32. 


A description of the 1/O LSR select checking may 
be found on page 2-40. 


ALU Input 
PQ0123456/7 
\ | 
Write Hi Write Lo 
LSR 
Select 


nNnOwoOARN 


PO01234567 P0123456/7 


Hi Out Lo Out 





east tha 

'4g !4g8 45 17 LSR Hi LSR Lo 
{ | 

texenbieh EA wos. 


rr" PO 1234567 P01234567 
1/O LSR bits 
17, 18, and 19 


1/O LSRs have a 17th, 18th and 19th bit position. 
These bit positions are turned on by an ALU over- 
flow during an 1/O LSR update, or during an LIO 
with PMR bit 5 (17th bit) of byte 1 bit 0 (18th 

bit) of byte 1, or bit 7 (19th bit) of byte 2 on. The 
circuit is shown on page 2-32. 
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Processing Unit LSRs 


ALU BitsO-7,P 


A-B Reg Check 
























Even Not O A 
Load Check Latches A-B Reg LSR 
Check P Chk 
2-18 
FL RtoAorB 
Ente A Disp Bit 0, Hi 
LSR P Chk Disp 
Rc) Reset Check Latches A 
se = 
2-18 IX Cycle Pos 
Clock 2 or 7 fal og 8 
LSR Write L Rl 
rite Lo 1X Cycle 
Clock 2 or 7 FF 
, a xy ‘ Phase D A | Ly 
not) Reset t (not) Dummy Cycle 
rast P Chk Step Sw nH es Proc Check 
LSR Write Hi ~ - —— 
(not) Power On Scan KB101 
LSR 
Address 
2 Decode 
CPU LSR Select 
4 
8 
16 
MA202 MA212 
OE LSR Parity Error 
MA252 LSR Lo BitO-7,P 
1/O LSR Lo BitsO-7,P Lo» 
[> ey 
2-32 2-48 


LSR Hi BitO-7,P 





1/O LSR Hi Bits O- 7,P 






2-32 2-21 
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1/O LSRs 


ALU Bits 0-7, P 


eS LSR Write Lo 
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2-39 
LSR Write Hi 
2-39 Sys Rst a 
Arith Carry Out Clock 8 
ee 17th t/O Addr Bit to |1/O HDB 
2-12 
17th ALU Bit Out 
Bin Comp A Reg it SNS 1/0 Instr 
fod 18th 1/O Addr Bit to |1/O HDB 
2-15 
Any !| O LSR Selected 
17th LSR Bit Chan LIO Instr 
PH Active PMR 17th Bit 
Sys Rst 
Sub i 
to — 8 A Upper] 19th | 18th | 17th | Hi Lo 
t it Out 1 a os x 
: LSR a Bit Bit Bit 0-7,P } 0-7,P 
: i 
18th LSR Bit eAaiencK 4 Addr 
PH g | Decode 1/0 
Even Clock 16 LSRs 
N 1F 
Any 1/0 LSR Selected 
System Reset al Se MA202 MAZ22 I/O LSR Bits Lo 
Chan LItO Instr i 
Active PMR 18th Bit ci) 2-31 
19th LSR Bit 
! Sys Rst i/O LSR Bits Hi 
PH HH» 
alta Clock 8 
2-31 
El 19th ALU Bit Out 
KP132 SNS I/O Instr 
1/O Not CE Test 


SNS EB Any LSR Sei 


1/O LSR Select 


Alter SAR Mode 
1/0 Cycle Pwrd 
Clock 5 Pwrd 











Any 4:0 LSR Selected 
EB Cycle 

Chan LtO Instr 

Active PMR 19th Bit 


17th Bit to SAR 
17th Bit MS Scan A OR 
ar OE 
Ri; 
A 
eH fe Upper P Bit to SAR 


> 64K Sw On 


18th Bit to SAR 
> 128K Sw On 


18th Bit MS Scan 


> 256K Sw On 


19th Bit to SAR 


System Reset 19th Bit MS Scan 


LSR Addressing 
CPU LSR Select 











PSR, BAR 
SAM LSRs 1/O LSRs 
| _HDBAddress | =sLSR LSR [| ~~ HDBAddress ss [Channel LSR LSR 
00 000 0 0 00 00000 
01 000 0 1 1AR Instruction Address Register 01 0 00 0 1 — BAR* B Address Register 
02 000 1 0 ARR Address Recall Register 02 000 1 0 2 CRTAR CRT Address Register 
03 0001 1 03 0001 1 1 MRDAR 5424/2560 Read Address Register 
04 00100 AAR A Address Register 04 00100 2 MT AP Tape 
05 0010 1 05 0010 1 1 MPCAR 5424/2560 Punch Address Register 
06 0 0 1 1 #0 06 0011 0 1 LPDAR Line Printer Data Address Register 
07 001 1 1 07 Oo O01 1 1 2 
08 0 i100 0 XR2 Index Register 2 i 08 074100 06 2 -—— Custom System (Spare) 
09 0100 1 DRR/LCR Data Recall and Length Count Register 09 0100 1 1 MPTAR 5424/2560 Print Address Register/ 
OA 0 101 +0 1442 Read Punch Address Register 
OB Oo 10 1 1 XR1 Index Register 1 OA 0 0 1 0 LPIAR Line Printer Image Address Register 
Oc Oo 1 1 0 0 OB 0 Oo 1 1 
OD Oo 110 41 oc 0 1 0 0 DDCR 3340/3344 Control 
OE 0 11 1 0 oD 0 101 = Custom System (1442 RPQ) 
Lay FE SS OF O41 11 OE Ot 1-4 0 as Not Available ee us) 
734 MA202 OF 0 11 1 Not Available 232 
PSR BAR 10 100 0 0 1AR-O Interrupt Level O Instruction Address Register 10 000 0 2 BSCAR-1 Binary Sync Comm Adapter-1 
11 Te 0? Oe QO) A 1AR-1 Interrupt Level 1 Instruction Address Register 14 000 1 1 DDDR 3340/3344 Control 
12 100 1 0 tAR-2 Interrupt Level 2 Instruction Address Register 12 0010 1 
13 10071 41 1AR-3 Interrupt Level 3 Instruction Address Register 13 001 1 2 
14 10 1 0 0 |AR-4 Interrupt Level 4 Instruction Address Register 14 07100 1 
15 1010 1 1AR-5 Interrupt Level 5 Instruction Address Register 15 0 10 1 2 
16 101 1 0 IAR-6 Interrupt Level 6 Instruction Address Register 16 Oo 1 1 0 3 BSCC-2 Binary Sync Comm Controller Line 2 
17 101 1~=«1 |AR-7 Interrupt Level 7 Instruction Address Register 17 O11 1 3 
18 110 0 0 ARR-O Interrupt Level O Address Recall! Register 18 100 0 1 
19 110 0 1 ARR-1 Interrupt Level 1 Address Recall Register 19 100 1 2 
1A 1 10 1 #0 ARR-2 Interrupt Level 2 Address Recall Register iA 10 1 0 3 BSCAR-2 Binary Sync Comm Adapter-2 
1B 110 1 =«1 ARR-3 Interrupt Level 3 Address Recall Register 1B 101 = 1 3 BSCAR-2 Display Adapter 
1C 111 0 0 ARR4 Interrupt Level 4 Address Recall Register 1C 1 10 0 3 BSCC-1 Binary Sync Comm Controller Line 1 
10 11710 1 ARR-5 Interrupt Level 5 Address Recall Register 1D 1101 3 DSAR 3741 Data Station 
1E 11 7 1 «0 ARR-6 Interrupt Level 6 Address Recaii Register 1E 1 1 1 =0 3 
1F 1131 7 «1 ARR-7 Interrupt Level 7 Address Recall Register 1F 117 °71~«21 - P-PSR* Program Status Register (LCRR) 
1/O LSR Select 
2-38 
Note: The MLTA addresses main storage by using the *Only one LSR can be selected in an HDB module 
remote SAR lines and activating ‘remote SAR gate’. at a time. Most CPU operations require selecting 
only one LSR. However, the following operations 
require selecting two LSRs at the same time; A sys- 
LSRs —~@ tem reset operation selects the P-PSR and IAR (re- 
fer to page 6-2); A branch, TIO, or decimal instruc- 
MA202 tion selects the BAR and the ARR during the IH 
cycles. Refer to page 5-8. Therefore, the BAR 
To address and the P-PSR are located in the 1/O LSR module 
main 


but function as CPU LSRs. 


storage X ee LTA 


Remote SAR Gate 
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2 of 5 Check Bank 2 cB» 


2-40 


-f 


LSR Select (I/O Channel Bank 3) 


Chan 3 LSR Select 3 


4-100 


Chan 3 LSR Select 4 


4-100 


Chan 3 LSR Select 5 


4-100 


Chan 3 LSR Select 6 


4-100 


S Chan LSR Select 7 


4-100 


Eo 1/O LSR Select Clock 


2-35 


> Reset 1/O LSR 


2-35 








Ch 3 Sel 1/O LSR Addr 16 


Ch 3 Sel 1/0 LSR Addr 8 


Ch 3 Sel 1/0 LSR Addr 4 


Ch 3 Set 1/O LSR Addr 2 


Ch 3 Sel 1/O LSR Addr 1 


Ch 3 Sel 


1/0 LSR LAY 


2-38 


Channel Bank 3 Selected le» 


Elm 
nN 
n 


KE401 


2 out 5 Check Bank 3 ‘ie 


2-36 
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2-38 


1/O LSR Address Bit Generation 


so 1 Sel 1/O LSR 


2-35 LA Instr | 
Chan 2 Sel !/O LSR 
cL LSR Display Gate iN 


2-36 
A 
LAY Chan 3 Sel |1/O LSR Clock 3 or 8 
=, 1-X1 or I-L1 or 1-H1 A I/O LSR Select 
: EB Cycle BAR Sel ie 
Clock 5-0 2-33 
Recomp! Cycle 
poe? | KL121 
Select 1/O LSR Address Bit 1 1/O Address 1 


Select 1/O LSR Address Bit 2 
1/O Address 2 


iie@its 
eis 


Select 1/O LSR Address Bit 4 


1/O Address 4 


Select |/O LSR Address Bit 8 


iC iit 


{/O Address 8 


aanane 
[prataran 
eae 


Select 1/O LSR Address Bit 16 
1/O Address 16 





Dummy Half Cycles 


Normal Display IN iy 
A 


Idle Time 







Clock 3-4 Iw WN 
N 
EB Cycle 


System Reset a 
A 
PSR Select 
Select PSR 
x 3 
Feainste Clock 3 or 8 A 
O Bit 0 10. Cycle A 


Clock 4 
Recompl Cycle £ MA202 





Clock 1-2 
KL101 


LSR Controls 


2-3 


2-41 


2-3 


Dummy Half Cycles 


1Q Cycle 

1X1 Cycle 
1X2 Cycle 
IL1 Cycle 
IL2 Cycle 


EB Cycle 


Half Word Format New 


EB Cycle 


Alter Display Storage 


1-Op Cycle 
10 Cycle 
1H1 Cycle 
1H2 Cycle 
IL1 Cycle 
1L2 Cycle 
1X1 Cycie 
1X2 Cycle 


1L1 Cycle 


IL2 Cycle 


10 Cycle 

IH1 Cycle 
1H2 Cycle 
1X1 Cycle 
1X2 Cycle 


EB Cycle 


Dummy Half Cycies 


TIO 


1/O Not CE Test 


Chan Inhibit LSR Load tdle Time 


Clock 3 or 8 
A A or B Reg Chk 


Clock 1 or 5 


Ist E Cycle 


LSR to AorB 


1/O Not CE Test 


k 4 
glee 1-Op Cycle 


: 


A 
f~ 
fa ta ee Ee SIL ee 


Clock 8 
Clock 3 A 
Clock 4 Condition true or 
condition false 
A Branch or Jump 
1st E Cycle : 
eoROe 1-Q Cycle 
Clock 2 
rBe | . Oo lank OF 
ycle Aux ALU Out Blan te Outhutheremeans 
KL111 branch condition satisfied 
Alter SAR Mode 
Branch condition TIO Instruction 
equals tested register |-Q Cycle 
(not) |/O Cond B 
eck? Q Zone Blank and Not Q Bit 4 
OQ Cycle A 
Clock 4D = 


A 
br ore 














Clock 6 


Clock 2 










LSR Write Lo Gate 
2-31 
2.32 


Fast | Cycle ES, 


2-3 
a ee 
A 2-23 
Clock 1 or 5 4 LSR Write Hi Gate LHS 
[roe 
A 2-31 
2-32 
KL111 


1-R Cycle 


Jump (instruction) 








I-R Cycle Skip True 











Branch-Skip True 


. 
Op End CLK 0 
KD151 


jw : 


2-34 


Branch or TIO 
cis 





LSR Interchange Pulse 





KD151 2-51 
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1/O LSR Select Check 


nS (TR3-7, Channel 1) 
2-35 (two of the possible 
five lines should be 
active to select 

an LSR) 


2 out of 5 Check (base LSR) 


2-36 KE161 


eS Channel Bank 2 Selected ’ A 


& Channel Bank 3 Selected 
[ca 2 of 5 Chk Bank 2 


2 of 5 Chk Bank 3 





lac» Reset Chk Latches N Sw 
pL e 


KB121 





KB121 


1/O LSR Select Check Display 


1/O LSR Select Check 


Display P Bit Hi 


KE293 


PC101 


2-40 


OP REGISTER 


The op register stores one-byte CPU op codes. 
The op codes are sent to the op register from main 
storage through the SDR, the B register, and the 
ALU. Decode of the op register is performed to 
determine which instruction the machine should 
execute. When an I/O instruction is decoded, the 
1/O attachments receive this information through 
signal lines which are a direct output of the 
decode logic. 


Note: X can be either 0 or 1. 





(not) 5 


RN101 


PHS Reg Blank (not) Q Reg Blank 


2-44 


A 
StO 


eo-— 


RN111 


K} 


TIO 
A 
ke Q Reg Zone Blank 


2-44 





2 Address Format 


Inv Addr or Addr Viol (page 2-58) 


1 Address (branch) 


1 Address (non-branch) 


Command Format 





1/O Not Console Instr > 


2-2 
2-35 
4-130 


1/O Check Stop Gate E> 


4-120 


RN121 


jo] ~o{=|x |x |x ]o 


jofo}=|-[o]x fo] ~ 
















Single EB Cycle 


Store Data Group New E> 


se 
9 


ete 
111 
Test On or Off 
|v > 1 fool o| 
ad we aac 
1 1 
Half Word Format New 
ae ft fotita 
234 [1 {1 {0} 0) 


fo 


Load or Store CPU 
2-39 


rt 


RN111 
RN121 
RN131 














Bin Add or Sub Group [aa> : 
2-15 Priv Mode 
Bin Add Group | > \ 
2-27 
Bin Add or 45 67 





Sub Not Mave 












Inhibit SDR Transfer 


2 Address Format 


Zero and Add Zoned 
Add Zoned Decimal! 
Subtract Zoned Decimal 
Move Hex Character 
Edit 

Insert and Test Character 


Move Characters 


Compare Logical Characters 


Add Logical Characters 
Subtract Logical Characters 


Sense !/O 


Load 1/O 

Store Register 

Load Register 

Add to Register 

Test Bits On Masked 
Test Bits Off Masked 
Set Bits On Masked 

Set Bits Off Masked 
Move Logical Immediate 
Compare Logical Immediate 
Store CPU 

Load CPU 


1 Address Branch 


Branch On Condition 
Test 1/O and Branch 
Load Address 


Halt 


HPL 


A 


Advance Program Level 
Jump On Condition 
Start 1/O 

Command CPU 


Command Format 


Processor Functional Units 





4-100 
4-130 


> 
Q 
S 


2-48 


ae 
2-43 








4-100 


4-100 


-~@ cmp S 


2-43 
2-44 
4-120 


2-2 
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PRIVILEGED MODE/MODEL 10 
COMPATIBILITY 


Privileged Mode 


Privileged mode prevents user programs from 
issuing 1/O commands that could destroy effi- 
cient multiprogramming or destroy another user’s 
program. Privileged instructions are issued only 
by the supervisor when the CPU is in privileged 
mode. 


The privileged commands include all |/O com- 
mands, APL, HPL, store CPU, load CPU, com- 
mand CPU (except QO = 10), and register com- 
mands (L, ST, A) that handle interrupt |ARs. 
These privileged commands can only be executed 
when the system is in privileged mode. Attempts 
to execute these commands when the system is 
not ina privileged state causes a program check 
interrupt or a processor check if program check 
interrupt is disabled (see page 2-43). 


Privileged mode is controlled by bit 4 of the PMR 
except when the system is forced to privileged 
mode because the CPU is in interrupt level 0. 

In all other levels, the program controls privileged 
mode through the PMR. 


Model 10 Compatibility 


The CPU is forced to Model 10 mode by system 
reset, IPL, or power on. The Model 15 enhance- 
ments are disabled and privileged mode is on 

(all instructions are executable). The system 
remains in this mode regardless of the contents 

of any PMR, until the first instruction to load any 
PMR is encountered. At that point, the PMR 
contents determine the system mode. 


While in Model 10 mode, the Model 15 will 
execute Model 10 programs with the following 
restrictions: 


1. Programs that fail on a Mode! 10 may fail in 
a different manner on the Model 15. The 
instructions that were added to the Model 15 
are invalid on the Model 10. Furthermore, 
1/O devices have N codes defined for op-end 
interrupt control that are invalid on the 
Model 10. 


2. Dual programming does not exist on the 
Model 15. Therefore, TIO, SIO, and APL 
instructions do not select the P2 IAR. 
Instead, the O code selects the P1 ARR. 


3: TIO, SIO, and APL instructions with a de- 
vice address of 0 (Model 10 DPF) are treated 
as a no-op. 


2-42 


Invalid Op Code and Privileged Op Check / (not) 4 


Reg Instr 


A 
Q Bit O 
/ 
7 (not) 6 
CMD CPU Instr 
A e 
(not) 5 SVC Instr 1-O Cycle 


(not) 4 (not) 5 Pe (not) Priv Mode (PMR bit 4) Priv Check See Page 


2 Address Format 
Ld/Str CPU Instr 2-50 


i SNS or LIO |-Op Cycle 5 KN101 
| APL or TIO 


Op Bits 


HPL 


Slo . ‘ 
Priv Op Display Bit 4 Lo 


Clock 8 CD ‘ Check 























Reset Chk Latches 
i | 
Op Bits < *j A 

(not) 4 Inh Hard Stop 

not not 

both both i 
Op Bit6 

not both 
1 Address Non-Branch 2-47 

both 

both not 

both 6 
A 
1 Address Branch 
Invalid Op 
5 Code 
: E | vo > 
Cc dF nm 
omman ormat 2-47 
ANAS KN131 
CMD Command CPU 
2-41 
Load or Store CPU 
LSC N 
2-41 





Drum Switch 








Invalid Op Code 


Proc Chk Display Invalid Op Display 


Inh Hard Stop 
N 
| | > Proc Chk A 
2-50 
Clock 8 CD Display Bit 5 Lo 
fao-eseene tte Pr cdgis a 
fac) ese Latches KB121 om | 
2-18 PC101 
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Q REGISTER 


All instructions include a QO byte that serves to 
extend or modify the op code. During the 
execution of an instruction, the QO byte is stored 
in the O register. This register is loaded through 
the same data path as the op register and its 
output is decoded to determine the necessary 
information for the CPU to execute the in- 
structions. During the execution of I/O in- 
structions, the O register stores the O byte, but 
each I/O device also receives the Q byte from the 
ALU output on DBO at the same time. The 

CPU does not use the O byte of the I/O in- 
struction even though it is stored in the QO register. 


2-41 A 
cy SVC Instr 





2-44 


Command CPU Instr Load PMR Instr 


CMD 






CMD CPU PRG Chk 
CMD CPU PMR Ld 






Load PMR Instr 


| scp > Store CPU Instr 


2-41 


str ATT or Prot Instr 
Str PMR Instr 

Str Chk Adr tnstr 

Str Chk Status Instr 
Str Curr PMR instr 
Str ATT 


Str Prot 





roto fo yoy 
xf (FOF foto foto try 
roftfofolots jo, 
RN101 
RN111 
KN131 


Load ATT Prot Inst 
Load CPU Instr oa or Prot Instr 


mek Load PMR Instr 
2-41 Load Chk Adr Instr 


EB Cycle Load Chk Status Instr 


Load Curr PMR Instr 
Load ATT tnstr 
Load Prot Instr 


OQ Bits 4 (5+ 6+ 7) 





A 
Q Reg Blank 
2-2 
QBit4+5+6+7 Sel Int Lev 0 Decode 2-27 


Q Reg Numeric Blank 


2-41 


Diag Fetch Instr 2-3 
A EB Cl 3-4 2-20 
Cl 3-4 


FR (fetch data register) Rst Instr 





Ld/Str EB C! 3-4 
Ld/Str CPU Instr A 
LSC 2-48 


2-41 


Op and O Register Parity 


as 
Op (bits 0-7, P) 
ALU Reg 
RN101 
a] 
(bits 0-7, P) 
ALU = 
Reg 
Op or Q Reg P Chk 
Clock 8 an 
[Lc> Load Check Latches FL 
2-18 
E> Reset Check Latches 
7418 KB101 


Parity Check Sw Stop 


Op Reg P Chk 
Even 
RN141 
RN141 
QO Reg P Chk 
Even 
RN141 


Proc Chk Display 





KB141 


KB131 


Proc Chk 


PC111 


KE295 


Display Bit 3 Lo 


PB101 
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PROGRAM CHECK REGISTERS (Part 1 of 2) 


If multiprogramming is to be efficient errors 
caused by one user must not stop the system and 
deprive another user of processing time. 


Through the use of the program check interrupt 
and the program check registers, the CPU pro- 
gram can (1) analyze the conditions that caused 
the check, (2) print out an error message, and 
(3) transfer CPU control to another user. 


The program check registers contain information 
saved from the cycle during which a check 

last occurred. If interrupt 7 (program check) is 
enabled, these registers are set to reflect the 
system condition when a program check occurs. 
The register information is reset when interrupt 


level 7 is reset. 


The program check registers can also be loaded 
with a load CPU instruction (LCP) or their 
contents can be moved to storage with a store 
CPU instruction (SCP). 


Invalid Op 
Invalid Q 

Invalid Address 
Address Violation 


Privileged Op Chk 


Program Check 


Clock 8CD IN 


Ld Check Addr Instr 
EB Cycle 


ist E Cycle 


2-46 


ALU Bit 7 (command code) 


Cmd CPU Prog Chk 


IR Cycle 
Clock 5 


ALU Bit 6 


OQ code = 00100000 


(interrupt 7 enabled) 





Load Prog Chk Reg 







1/0 Cycle ane 


Force Interrupt 7 


it" : 


KN111 


Program Check 
Address Reg Hi 







MSAR Hi Bits PH 
LCP instruction A 
used for 
diagnostics. 
cr > 
(8) 
a 2-48 
A 
| 
||, | Sel. Check Addr Reg Hi [Jon (8) 
baila A 
Clock 5 
To 
Program Check 
Assembler 
Program Check 
Address Reg Lo 
Sel Check Addr Reg Lo ALU Bits PH 
pest 6 
KR272 ie 
on > 
(8 
2-48 
N A 
a MSAR Lo Bits 
(8) 


KR201 


PROGRAM CHECK REGISTERS (Part 2 of 2) 


LP Load Prog Chk Reg 
L_/ 


2-46 
Ld Check Status Instr 


EB Cycle 


Ist E Cycle 
N 


Invalid O 


, : 


Bey 
= 
NO 
oO 


Invalid Op 


~~ 
i 
ow 


Invalid Address 


ise 
a 
0 


Privileged Op 


NO 
aA 
Ww 


Correctable Memory Error 


Ww 
= 
= 


Uncorrectable Memory Error 


w 
= 
= 


ar 
a 


KR272 


Sel Check Status Reg Hi 


Sel Check Status Reg Lo 


> 256K Address Bit 


Reserved 


Bin Int 4 


Bin Int 2 


Bin Int 1 


Any Int 0-7 


>64K Address Bit 


ALU Bits 





Program Check 
Status Reg Hi 


u 
BE 











To 
Program Check 
9-48 Assembler 


alee 


Program Check 
Status Reg Lo 


aS) 
x 


To 
Program Check 
9.48 Assembler 


Teelete 


KR211 
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PROGRAM CHECK ASSEMBLER, 
STORE DATA ASSEMBLER 


2-44 


LD/Str EB Cl 3-4 


[Po} Program Check Status Hi 
Ss x 


2-47 


Program Check 


[pay Program Check Status Lo Assembler 
| a CEA 


2-47 








Program Check Address Hi 
x KR222 
2-46 
(not) 1st E-Cycle 
feu» Program Check Address Lo 
[ 2) x 


2-46 





1st E-Cycle 


Gated QO Bits 


3 
Store ATT or Prot Reg Instr 
a2 Store PMR Instr 


fof a fol Store Chk Addr Reg Instr 
Store Chk Status Reg Instr 

Str CPU Instruction fo} 1] 1 z 

SCP Store Current PMR Instr 


a foe 


Clock 3-4 


EB Cycle 






2-48 


LSR Lo P Bit 
Nw 
P Bit Generate 
Store Data A 
Assembler 
Program Check Even 
LSR Lo or Store Data (to A reg) RS 
8 


2-20 


i Select Bit 2 Store Data Assembler 


Select Bit 1 Store Data Assembler 


INTERRUPTS (Part 1 of 3) 


The CPU performs its computations in a step-by- 
step procedure until altered by a branch (refer 
to page 5-51) or an interrupt. 


All interrupts follow the same general outline; 
(1) interrupt the program in progress (always at 
op-end), (2) execute the requested program, (3) 
return control to the interrupted program. 


The 5415 processing unit has eight interrupt levels. 


Five of these levels are devoted to I/O devices and 
three support CPU functions. The interrupts listed 
below are from highest priority to lowest: 


Interrupt |Priority | Function Performed 





Program check — Handles 

soft errors. 

Interval timer ] 1/0 
‘ control 
\ and data 
) transfer 


Device op-end — Notifies the 
CPU that the I/O device has 





*Description on facing page. 


The interrupt routine being performed is estab- 
lished by the interrupt priority latches. As in 
cycle steal, the highest interrupt level device 

takes precedence over lower level devices. Thus, it 
is possible for an interrupt routine to interrupt a 
routine of a lower priority device. However, each 
device maintains its interrupt request until it is 
satisfied, so the lower priority device finishes its 
routine upon completion of the higher level 
routine. 


Each interrupt level has a separate [AR, ARR and 
PMR in the CPU so these registers for the main 
program are not disturbed. Any other registers 
(CR or index registers) used during the interrupt 
must be stored at the beginning and re-established 
at the end of each interrupt routine. 


The stored program controls the capability of a 
device to interrupt by enabling and disabling the 
device through SIO, LIO, or SVC instructions. 
Once an interrupt has occurred, the interrupt 
routine is also ended by the same instruction. 


During the |-O cycle, device selection occurs in 
the same manner as any SIO instruction. Then 

at clock 5 of the I-R cycle, the control code is 
sent to the device attachment on DBO. The 
control code is decoded by the device attach- 
ment to turn on the ‘interrupt enable’ latch. This 
latch remains on until a disable control code is 
sent in another instruction. 


If a device has a need to interrupt, the ‘interrupt 
request’ latch is turned on. At the end of the 
operation being performed in the CPU, an interrupt 
poll is sent to the device. This activates the 

‘DBI bit’ line to turn on the interrupt latch 

for the device in the CPU. If more than one ‘DBI 
bit’ line is active, only the highest priority inter- 
rupt latch is turned on (see diagram on page 2-51). 


With any interrupt latch on, the selection of the 
normal |AR/ARR is blocked and the |AR/ARR 
for the active interrupt level latch is selected. _ 
The interrupt request latch in the device attach- 
ment stays on until an instruction with the proper 
control code resets it. 










Any Interrupt Level 


Being Serviced 
Interrupt 


Latch 


Selected 






Select I|AR 
ARR Interrupt 


Interrupt Mask 


A mask function is provided to simplify interrupt 
processing. This function gives the programmer 
the ability to complete a routine before it is 
interrupted by a higher priority program. 

The mask interrupt function is controlled by a 
bit in the PMR. When this bit is on, any higher 
priority interrupt request remains pending until 
the mask is set off. The exception is interrupt 
level 7 (program check interrupt). It is not 
affected by the mask. 


The interrupt mask bit in the PMR must be set 
off before an interrupt is reset. Failure to do so 
will cause the CPU to remain in that interrupt. 


Clock 5 to 8 
Op End Gate 


Interrupt Poil 
















S!O Inst 
I-R Cycle 


DBO 


A Interrupt 
Enable 


- a 


Disable aay 





Decode 
Control 
Code 





Interrupt 
Request 


ay 


Interrupt Request 
















Interrupt 
Latches 





(not) Mask Interrupt 
M/C Advance 


| 24 KMI2I 





Typical 
Attachment 


Interrupt Request Bit (DBI) 


Note: Actual logic varies with 
the devices. This figure merely 
represents the concept involved. 
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INTERRUPTS (Part 2 of 3) 
Supervisor Program (Interrupt Level 0) 


A user program passes CPU control to the 
supervisor by initiating an interrupt on level 0. 
This is accomplished by using the Command 
CPU instruction with a O code of 10 (supervisor 
call). Refer to Command CPU instruction des- 
cription on page 5-67. 


ALU Bit 6 








Request 
Interrupt O 


Clock 5 


Op End Interrupt (Interrupt Level 5) 


When an 1/O device has completed the operation 
in progress, and ‘op end interrupt’ is enabled in the 
device, ‘op end interrupt request’ is activated. At 
the end of the CPU operation being performed, 
‘interrupt poll’ is activated. ‘Interrupt poll’ and 
‘interrupt request’ combine to turn on the 
‘interrupt level 5’ latch in the CPU. 


Once CPU control is transferred to the interrupt 
level 5 program, that program determines which 
device initiated the op end interrupt. This is 
done through TIO and SNS instructions. The 
determination of which device requested the 
interrupt and what priority each device holds, 

is a programming function. 


Priv Mode 


Ld STR Instr 
Chan TIO tnstr 
HPL 

Chan SIO Instr 


SNS or LIO Instr 


(not) 1/O Condition A 


A Invalid Q 


Program Check Interrupt (Interrupt Level 7) 


For the Model 15, program check interrupt allows 
the CPU to enter an interrupt routine rather than 
a processor check hard stop condition. Errors 
causing a program check interrupt are: 


e Invalid address 
e Invalid Q 
& Invalid Op 


e Privileged Op 
e Storage violation 


The occurrence of any of these errors during the 
program check interrupt routine causes a pro- 
cessor check hard stop. Invalid address during 
1/O cycles also causes a processor check hard 
stop. 


Invalid Op New 
Inv Op Chk 
!-Op Cycle 


Cmd CPU Prog Chk 
IR Cycle 
cI 5 


: 


See Page 2-43 


ALU Bit 7 


The program check interrupt routine can analyze 
the cause of the error from status provided by 
the CPU hardware, prepare a message for the user 
causing the error, and then transfer CPU control 
to another user thereby making maximum use 

of the CPU time. 


The program check interrupt is assigned to level 7 
which is the highest priority interrupt. The 
program check function must be enabled by a 
command CPU instruction. If the function is not 
enabled, the CPU performs like a Model 10 in 
that the checks mentioned cause a processor 
check hard stop. The command CPU instruction 
is also used to disable and reset interrupt level 7. 
The status required to analyze the error source 

is provided in registers that may be stored using 
the store CPU instruction. This status includes 
the specific check, the physical main storage 
address at the time of error, and the active 
interrupt level, if any, at the time of error. 


Int 7 Enable 
Po oS ee 
Le - 
A 
ALU Bit 6 





(not) 1/O Cycle 


(not) 1/O Condition B 
See Page 4-120 


LD CPU Instr ; 
KN101 


Write Protect or STR Bit 1 
Store Data Group 
Active PMR SP Bit 


: : Program Check 
Write Viol 


2-50 


A description of the program check registers 
can be found on page 2-46. A description of 


the program mode registers can be found on page 
2-28 . 


Interrupt 7 Enabled fe) 


1-7 
FL 


Load Prog Chk Regs 


Force Int 7 FE 


2-51 


Inhibit Hard Stop 


SARBits (| 


eaQaoqon 


Memory Size 


See Page 2-58 


EB Cycle 


Invalid Address 


Any | Cycle 
Fetch Protect or STR Bit 0 
Active PMR SP Bit 


Pal 


E Cycle 


Store CPU Instr 
Inhibit SOR Transfer 


OR Fetch Viol 
DOT 


A Inhibit Advance a> 
FF 


2 
o 
QO 
E 
Al 
N 
N 


Block write by controlling 
‘store data grp’. 


M/C Advance A Force Op End 
Block access by controlling Clo fe 


‘INH SDR Xfer’. 2-2 


2-51 
D Interrupt 7 PH 


2-51 


Program Check 


INTERRUPTS (Part 3 of 3) System Reset Load Interrupt LORETO ia) Ee 
(not) Mask Inter fey Ba BS jd rar ae etna Gee et eh See ee a eae ere rete |e 


Ee. Force Op End Clock O 
A 


2-50 





IAR/ARR Int Lv - 7 Seld 






Op End 
A 
: aye 
M/C Advance ss 
we 
a 


2-4 
[FI Force Intrpt 7 
2-50 System Reset 


Inter Req 7 KD141 


Priority Buf Bit 7 


KM121 


@ = Interchange Pulse | 
N 


ARR/IAR Int Lv - 7 Seld 





As» ARR Select’ 
SiO = Eee 2-34 
Clock 5 Instruction Le 1AR Seld Select 
I-R Cycle 7.34 OQ Decode 


Priority Buf Bit 6 
DBO Inter Req 6 A 


TYPICAL I/O ATTACHMENT 


EB Interrupt Register Instruction 








Priority Buf Bit 2 


Control Code Bit Interrupt 


Enable Priority Buf Bit 1 


Ed 


FL 
Code 











Decode 









| ‘ 
Control Code Bit Priority Buf Bit O 





Interrupt 


(1/O attachment) Request 
Interrupt Request 


eed TL, 













Any Interrupt Being Serviced i> 
| op end Gn jie 
Inhibit Machine Cycle | a oe 
Clock 5to 8 Interrupt Poll ny 2-34 
| ; 


KD141 : Interrupt O Request aa 
pat oe ee ey — ge FL 
ALU Bit 6 en 


Command CPU ES 
SVC Instr A 
Instruction With — IR { = Interrupt Poll 
Q Code Bit 1, 2, 3 = 001 BES a KN121 >. 
lock 
mone 4-100 
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INTERVAL TIMER (Part 1 of 2) 


The interval timer is a 24 bit (3 byte) binary 
counter that is decremented every 3.3 ms. The 
CPU treats the timer like an |/O device. LIO, SIO, 
and SNS instructions are used for control. 1/O 
cycles are not used, however, so the timer does 
not affect the system !/O burden. 


A value is set into the counter by an LIO instruc- 
tion and the contents sensed by using an SNS 
instruction. SIO instructions are used to enable, 
disable, and start the counter. Once started, the 
counter is decremented by one every 3.33 ms. 
(‘adv int timer’). The counter overflows when 

the count goes from zero to a negative value and 
an interrupt request is generated (level 6). Ifa 
value of FF FF FF ts loaded and the timer started, 


an interrupt occurs approximately 15.5 hours later. 


The timer uses a separate oscillator and clock that 
continues to decrement the timer during halts, 
stops, and interrupts. Also, the timer does not 
stop when an overflow occurs. It continues to 
run until stopped by an LIO, a stop timer com- 
mand (S!O), a system reset, or by stopping the 
system clock. Once stopped, the timer does not 
resume counting until an SIO is issued. 


1/O instruction format is shown in the following illustrations. 


Load !/O 


O Code 
Op Code DA {M| N 





Storage address 


0123 4 567 


7 
oS N 


7 “\ 
ee \.~~ EB1 cycle — Reserved 
000 EB2 cycle — Load timer low byte from storage address -1. 


Timer medium and high byte 








“. EB2 cycle — Load timer high byte from storage address -1. 


An LIO instruction to the timer causes decrementing to stop. When the timer value is completely loaded 
(two LIO instructions), the timer is started by an SIO (timer control) instruction. 


Start I/O 


O Code 
Op Code DA |M| N_— Control Code 


01234 567 01234567 






N= 000 for timer control Reserved! 


| 
{ 
{ 
| 
| 
| 
| 
sa | 
| 
! 
1 
| 
! 









Start timer 
Stop timer 
Enable interrupt 

isable interrupt 
Reset interrupt request 







Does not reset an interrupt in 
process but prevents any new 
interrupts from occurring. 


A start 1/0 command is always accepted. 


EB1 cycle — Load timer medium byte from storage address. 
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Sense |/O 


Q Code 
Op Code DA |M| N 





SNS 0000 1 Storage Address 


0123 4 567 


ieee ae / EB1 cycle — Reserved (addressed storage location is 
or aad 5 
lee =e set to hex OO). 


EB2 cycle — Move timer low byte to storage address -1. 
EB1 cycle — Move timer medium byte to storage address. 
“\. EB2 cycle — Move timer high byte to storage address -1. 


| 000 | Timer low byte 
Timer high and medium byte 


When moving the timer contents to main storage, the low-order byte must be stored first. When 
timer circuits detect an SNS byte with the N code equal to O, the three-byte counter is transferred 
to a three-byte register. This prevents the possibility of presenting erroneous timer data if the timer 
should be decremented between the two SNS instructions that are necessary to store the entire 
timer contents. 


INTERVAL TIMER (Part 2 of 2) 


(device address) 













DBO KT501 KT531 


SNS 
C123 A Gate DBI 
EB1 
KT571 
EB2 4 Bi 
It 
Xx 
CTR 
Decode 
LIO/N = 1 
EB2 A Set Count High 
4 Bit 
x CTR 
LIO/N = 1 
EB1 Set Count Medium ‘ ABit High Byte 
sa CTR 
Medium Byte DBI 
x 0 > 
LIO/N =0 4-115 
EB2 a A Set Count Low x 4 Bit Low Byte 
Clock 5 | CTR 
x 4 Bit 
Adv Int Timer (KT601) CTR 
; Start : . 
DBO Bit 5 Gate Timer Advance 4 Bit 
x 
(SIO timer control) CTR 


Clock 5 
Phase C to Chan IN A 
IR Cycle 


(not) Channel Clock Run 
Sys Rst 
Reset Timer Adv (LIO) 


DBO Bit 6 a) 


DSO Bit 7 


KT611 


(counter overflow) 
Enable A 
Sample Timer (SNS) 


Interrupt Pol! (CPU) 
DBI6 


Lo 
aa} 
> 


Int Req (timer) 


KT611 a: KT541 
oi i Int Req (not rdy-rdy) 
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oe 


KT611 
Sys Rst 
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MAIN STORAGE ADDRESSING (Part 1 of 3) 


System/3 data flow uses 2 byte (16 bit) addresses. 
Sixteen bits control addressing up to 64K bytes of 
storage. To address 512K bytes of storage, three 
more address bits are required. These bits are 
provided by an Address Translate Table (ATT) for 
CPU operations, an !/O LSR 17th, 18th, and 19th 
bit for 1/O operations, and a > 64K, >128K, and 
> 256K CE rotary switch for console operations. 


Rotary 
Address 
Switch 


(CE console) 


19th | 18th | 17th 1/O LSRs CPU LSRs 
Bit | Bit | Bit |o 16] |0 16 


a | 
>64K 
‘%s Provides 17th, 
18th, and 19th 
address bits if 
PH oa needed. 
>128K : 


SAR 
Ei5};1 11 0!:0 100!0 00 0:00 01 
PH 0:4. 23° 4°65 6-7 0-1-9 3.456 7 
>256K nn 
Address 
Storage Lines 






Protect Address Translation 
Table (SPT) Table (ATT) 















«—— J — No translation takes place during !/O cycles, or 








00 0000 0 ATT 00 Regs (32) when the PMR translate bits are off. The 17th, 
00001 01 18th and 19th bits are used if needed. 
Cave | a 
Ey x1C’ if the PMR translate is on, these bits are still 
: oee used direct to main storage. ATT bits 1 through 
on ee 7 are combined with SAR bits 5 through 15. 
¥ ay 
| | | These lines provide the additional bits needed to 
ft 1 4. address the 512K bytes of main storage. 
re ye 
0 1 01234567 
Fetch Protect Key -}-]- ed | 
Storage Protect Key-|- |- 
(Refer to storage 
protection, page 
~ _ vv. 
i E13E14E150 123 4567 8 15 
TP (MSAR bits) 
Main Storage 
Address 
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Address Translate Table 


The address translate table consists of 32 registers 
(O0-1F) that can be loaded by the program. These 
registers provide the high order six bits of the 
main storage address when the translator is being 
used. The PMR controls the translator with 3 bits: 


Bit 1 on = translate on B cycles 
Bit 2 on = translate on A cycles 
Bit 3. on = translate on | cycles 


To use the ATT, the programmer must first load 
the ATT registers with the desired bits using LCP 
commands (ATT is not power on reset) and then 
set the PMR bits to control the translator as de- 
scribed previously. 


Example: 


Assume the following instruction is ready to be 
executed: 


oe B field A field 


operand 2 
joc_[oo [osor___[eaoi 


@ The PMR is set up to translate on A cycles 
only. 






Q's 





@ ATT register 1C (hex) has previously been 
loaded with a value of 7A. 


The A field address is E401 and is considered a 
logical address since it is to be translated into a 
real address by the ATT. The real memory ad- 
dress for this example is 3D401. 


During the A cycle, address translation occurs: 


@ Five high order bits from SAR address the 


ATT EY. 


@ Seven ATT bits and 11 SAR bits form the 
MSAR address 30401 [EJ . During the B 
cycle, address translation is inactive. Sixteen 
SAR bits form the MSAR address ; 


The byte of data from MS address 3D401 is 
written into address 0501. 


MAIN STORAGE ADDRESSING (Part 2 of 3) 


1/O LSR 17th, 18th, and 19th Bits 


Because the ATT is not used on I/O cycles, each 
1/O LSR must contain the proper number of 
bits to address storage. The number of bits in each 





2-12 
1/O LSR varies with main storage size (the Bie eme 
maximum being 19 bits for 512K of storage). say A Reg 
The following discussion assumes a main storage 3.15 
size of greater than 128K bytes. 
1/O LSR bits 17, 18, and 19 are gated into the 
SAR E15, SAR E14, and SAR E13 positions 
during I/O cycles. 
The SAR then addresses storage untranslated. 
1/0 LSR SAR MSAR Lines ye 
Main 
Storage 
1/O LSRs are loaded by LIO instructions. The low- eats 
order 16 bits are loaded from storage during two Bits 0-7 


consecutive B cycles; the 17th, 18th, and 19th bits 
are conditioned on the same LIO by the PMR 17th 
bit (bit 5), PMR 18th bit (bit 0), and PMR 19th 
bit (bit 7 of byte 2) respectively. 


PMR 
17th 
Bit 


Bit7 Bito BitS 


EB2 
17th 
Bit 0 718 


The 17th, 18th, and 19th I/O LSR bits are modi- 
fied during 1/O cycles each time a 64K boundary 
is crossed. 


Main Storage 


18th 
Bit 


19th 


Bit 










19th 18th 
Bit Bit 


When an SNS instruction is issued to an !/O LSR, 
the 16 low-order bits are transferred to the speci- 
fied main storage locations and the 17th bit is 
gated into the PMR 17th bit (bit 5) position. The 
18th bit is gated into the PMR 18th bit (bit 0) 
position. The 19th bit is gated into the PMR 
19th bit (bit 7 of byte 2). 


> Arith Carry Out 


Active PMR 19th Bit 
Chan LIO Instr 


EB Cycte 
Any |/O LSR Selected 



















19th ALU Bit Out 
SNS 1/O Instr 





Active PMR 17th Bit 
Chan LIO Instr 
EB Cycle 
Any |!/O LSR Selected 








= 17th ALU Bit Out 
SNS 1/0 Instr 


Clock 8 


Rotary 
Address 










Chan LIO Instr 
EB Cycle 








SNS I/O Instr 
18th ALU Bit Out 


Clock 3 
Sys Rst 


1/0 LSR 18th Bit 


1/O 18th Bit 


Program 


Mode Priv Mode 


PwWnN- Oo 
+ Ks Ke K 


Registers 


| Cyc 


(/O LSR 17th Bit Storage Protect 





Mask Interrupts 


KP102 
|-Op Cyc 


A 
Clock 0 


SNS EB Any LSR Seld 


1/O LSR 19th Bit 


EB2 





SAR E13 












0 > E13, 
1 A E14, 
2 oo i) | E15, 
3 0-4 
4 OR 
5 
SAR 6 Storage 
7 
8 SAR 5-15 
9 512K 
10 
1 
12 
13 
14 
15 
MA 102 


Q Reg Bits 4-7 


Address 
ALU Data Bits 










Lines 
Bits O,1 
Load ATT +X X~ Load Prot 
ATT ae 
(32 Regs) | BR oe 


MA107 Bits 1-7 
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MAIN STORAGE ADDRESSING (Part 3 of 3) 
Storage Protect 


Storage protect provides the ability to protect main 
storage from unauthorized or accidental fetch 

and store operations. This is accomplished with 
two bits in each of the 32 registers of the storage 
protect table (SPT, protect keys). Bit 0 is the 
fetch protect key; bit 1 is the write protect key. 


The storage protect function is activated by the 
storage protect bit in the PMR. When this bit is 
on, the protect keys in the SPT are inspected for 
every main storage cycle except !/O cycles. If the 
bit is off, the protect keys in the SPT are not 
inspected and any available location can be 
accessed or written into. 


The storage protect hardware does not function 
on 1/O cycles. The supervisor program must verify 
that 1/O buffers reside in a user's allocated storage. 


If attempts are made to fetch or write protected 
locations, a storage violation occurs and the CPU 
forces a program check interrupt (a processor check 
if the program check interrupt is not enabled). 


The protect keys are changed or saved with CPU 
instructions LCP/SCP. The contents of the pro- 
tect keys cannot be predicted after the power up 
sequence and must be loaded by the user. The 
store protect bit in the PMR is set off during the 
power up sequence, so protection is not used 
until it is activated by the program. 


Storage Protect Table (SPT) 


32 Registers 





Fetch Protect Key 


Store Data Group 
(not) Load CPU Instr 


E Cycle 


PMR 


Storage Protect 


(9) 


Store CPU Instr 


i. inh SDR Xfer 


2-41 






Program Check 


Store Protect Key 


EB Cycle 


Address Violation Status 


2-47 
2-58 


KN101 


pe 


Inh FDR Xfer (new) iN» 


2-21 


2-56 


Address Parity Checks 


ATT Even 


LSR High 


Even 


MA167 





ee Load Chk Latches 


-18 


jar » Addr Parity Check 
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RQ 


(I xtate) 
(EA xlate) 
(EB xlate) 
(SP bit) 


Rc Reset Check Latches 
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KP152 


Note: Rotate drum switch to position 1 
to display SAR contents 


ATT P Check 


A SAR Hi/ATT Chk Disp 


KB111 Display Bit 1 Hi 


Load Chk Latches Memory 

(not) Invalid Addr SAR Chk 

(not) Alter SAR Mode Lth KE293 
Addr Parity Check 
Clock 2 or Gated Clock 6 

















Main storage address parity 
check from memory board. 








A MSAR Chk Disp 






CPU SAR 
Chk Lth 






Display Bit 2 Hi 









CPU SAR Chk 
Load Chk Latches 
(not) Alter SAR Mode 
Clock or Gated Clock 6 
ATT Gate P Check 






KE 293 


KB101 






Drum 
Switch 





Processor Functional Units 


PB101 


PB101 


Proc Chk 


PC111 
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Invalid Address/Storage Protect Check 


MSAR E13, E14, E15, 0, 1 


Memory Size code 


iH Inhibit Hard Stop 


2-50 


2-18 


1A» Address Violation Status 


2-56 


2-58 


Invalid Address liv 











Invalid Address Display 2-47 
3-13 
KB111 Display Bit 3 Hi 
Proc Chk Display 
Invalid Address 
(not) Test Mode ; KE293 
Invalid 
Clock 2 or Gated Clock 6 Address 
Phase CD A PB101 
FL 
N 
Proc Chk 


Reset Chk Latches 7 





PC111 
Address Store Protect Check Display 
(not) Test Mode i Violation 
Cl 2 or Gated Clock 6 FL KB111 Display Bit 4 Hi 
Phase CD 


KB121 KE293 


PB101 


Unit Record Restart 

The unit record restart circuits detect a device 
not-ready to ready transition and interrupts the 
CPU program. Interrupt level 6 is shared with the 
interval timer. The interrupt routine determines 
which function interrupted on level 6 then which 
\/O device changed from not-ready to ready. 

The CPU can enable, disable, and reset the inter- 
rupt using a SIO instruction and test for interrupt 


request pending using a test I/O instruction. 


Instruction Format 
SIO Not-Ready to Ready Interrupt Control 


Q Byte R Byte 

0000 1 001 012345 6 7 
0=Disable interrupt 

pa|m| N 1=Enable interrupt 
1=Reset the interrupt 
Not used 

TIO Not-Ready to Ready Interrupt Request 

Q Byte Condition Tested 


0000 1 001 + Not-ready/ready 


pa| | N = Interrupt request 


Device Ready 


1/0 
Device 


System Reset 







Clock 6C 







1/0 
Attachment 


Int 


Req Not Ready-Ready 


Int Req 














DBO 7 Int Clock 2-3 to DBI 







SIO Instr 
DA N Code 1 
IR Cycle 






SIO N1 Strobe 









Clock 5C 
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MAIN STORAGE 


The Model D provides the customer with a maxi- 
mum of 512K bytes of main storage. Seven storage 
capacities are available (96, 128, 160, 192, 224, 
384, and 512K). On the Models 15 D25 and 15 
D26, the lower 256K (OK through 256K) of main 
storage is mounted on circuit board A-B4 and the 
upper 256K (384K through 512K) on circuit 

board A-A4. 


The upper 256K of main storage contains its own 
timing, addressing, ECC (error check and correc- 
tion) generation, fetch data register, ECC logic, 
and byte control circuitry. Each of these functions 
operates identically to, but independently of, the 
lower 256K. 


MOSFET circuitry is used in this main storage. A 
read operation 1s nondestructive and, therefore, 

is not always followed by a write operation. A 
write cycle 1s required only when it is desired to 
change data at the addressed location. 


Within the BSM (basic storage module), two 
bytes of data plus six check bits are accessed 
each storage cycle. 


Oe saree ent 15}C1 C2 C3 C4 C5 C6 


Thus, 96K of main storage is divided into 48K 
addressable storage positions. The 15th address 
bit (SAR 15) is not used to access these storage 
positions and the same two bytes are accessed if 
SAR 15 =0 or SAR 15= 1. The two byte stor- 
age position always begins at an even address and 
SAR 15 then selects one of the 2 bytes later on 
in the data path. 


During a normal store/fetch operation, only one 
byte of the addressed storage position is used (the 
CPU data path can move only one byte at a time). 
SAR 15 is used to select one of the two bytes. A 
disk operation, however, uses both bytes; one is 
gated through the CPU data path, the other is 
gated to/from the extended channel. This dual 
byte operation allows the disks to transfer two 
bytes of data during one CPU (disk I/O) cycle. 
The disk must activate dual byte mode and the 
storage address must be an even number. 


The six check bits allow the ECC circuits to 
detect and correct any single bit errors. Errors 
involving more than one bit are detected but not 
corrected (causing an SDBO processor check). 
ECC is described tater in this section. 


One Byte Fetch 


The BSM executes a fetch cycle to read out two 
bytes of data (plus 6 check bits). SAR bit 15 
determines which byte is gated to the SDBO (store 
data bus out); if SAR bit 15 equals 0, SDBO bits 
8-15 are gated JJ; if SAR 15 equals 1, SDBO bits 
0-7 are gated to the B register A 3 














SDBO to B-Register 






SAR Bit 15 


One Byte Store 


A fetch operation precedes each store operation. 

If SAR bit 15 equals 0, the contents of the SDBI 
(store data bus in) are gated to replace main storage 
bits 8-15 [J . If SAR bit 15 equals 1, the contents 
of SDBI are gated to replace main storage bits 0-7 

B | . Because two bytes are written on one cycle, 
the other byte that was read from storage during 
the fetch operation is automatically restored. 

















SAR Bit 15 


SDBI 
(from CPU) 


Dual Byte Fetch 


The BSM executes a fetch cycle to read out two 
bytes of data. These two bytes always start on 
an even address. The even address byte is gated 
to the CPU data path; the odd address byte is 
gated to the extended channel. To accomplish 
this two byte transfer, SAR bit 15 must be zero, 
and the disk must activate ‘dual byte mode’. 


FDR 
0 


SDBO 0-7 
7| | Extended Channel to Disk 


SDBO 8-15 
X sD 


To B Register 
(not) SAR Bit 15 


Dual Byte Store 


After the BSM executes a fetch cycle, the byte 
from the extended channel is stored as main 
storage bits 0-7 (odd address), and the byte from 
the CPU data path is stored as main storage 

bits 8-15 (even address). To accomplish this two 
byte write operation, SAR bit 15 must be zero 
and the disk must activate ‘dual byte mode’. 


Dual Byte Mode 


Extended Channel from Disk 
a ee) 


x 
CPU Data Path 
a ae eS) 
(not) SAR Bit 15 | 





Main Storage 
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MAIN STORAGE LOCATIONS 








CPU 






BSM 2 
256K-512K 
Board A-A4 


























Array Cards 











— 9 ae — 
— 
TO — ae 
~— 
~—, —, ~~, 
—, 
—, ~— 
— 
V 
—~ U 
were pres 8 Sa ee 
SAR Cable 
from CPU 
SAR Cable A-B321 
| to A-B4V2 






SDBO Cable 
from CPU 
A-B32Z2 







SDBO Cable 
to A-B4V3 


SDBI Cable 
from CPU 
SDBI Cable RG 
to A-B4V4 
SS Ss 
SSS 
MISC Cable 
\ from CPU 
MISC Cable aga 
\ to A-B4V5 


\ fe Pua, 2.5. eS — eh 


ae. 














Memory Output (MOP) Cards 


Address Decode and Clock (384K ADC) Card 


Storage Data Bus In (384K SBDI) Card 


Storage Data Bus Out (SDBO) Card 











BSM 1 
OK-256K 
Board A-B4 
























 ——_-__ eee S 


SAR Cable 
from A-A4U2 


SDBO Cable 
from A-A4U3 


SDBI Cable 
from A-A4U4 


MISC Cable 
from A-A4U5 




















~ Address Decode and Clock (ADC) Card 








Storage Data Bus In (SDBI) Card 


* Storage Date Bus Out (SDBO) Card 


DATA FLOW 


SAR 

P1, 0-7 CPU Disk 

P2, 8-15 SDBI SDBI 
P3, £14, E15 P8-15, 8-15 PO-7, 0-7 





Data (16) 

















Byte Control Store Data 
Check Bit 


Generation 













Page 3-6 Page 3-6 
UJ520-521 UJ522 


Page 3-7 
UJ611-618 


SAR E13, E14, E15, 0-15 







Address 
Decode 





Main Storage 
Timing and 
Control 







Page 3-8 


















UJ512-513 
BSM Select 
a Page 3-7 
UJ510-511 
Data (16) 
Array 
Byte Control Store Data Cards 
Check Bit 
Generation 
Page 346 Page 3-7 
UJ200-210 UJ220 UJ411-418 


SAR E13, E14, E15, 0-15 





Address 
Decode 





Main Storage 
Timing and 
Control 





BSM Select 


UJ120-130 
Page 3-7 


UJ100-110 





Fetch Data 
Register 





Page 3-9 
UJ530-531 
UJ533 





Fetch Data 
Register 








Page 3-9 
UJ300-310, 
UJ330 



















SDBO 0-15 


Invert Data 
Switch 








Page 3-11 









Fetch Check Syndrome UJ530-531 
Bit Bit 
Generation Generation 
and Decode 
Page 3-10 Page 3-10 
YJ532 UJ532 
UJ534 
SDOBO 0-15 
Invert Data 


Switch 






Fetch Check UJ300-310 


Bit 
Generation 


Syndrome 
Bit 

Generation 
and Decode 


Page 3-10 Page 3-10 
UJ320 UJ320 
UJ340 













Byte Seleciion 


SAR 15 


SDBO 0-7 al n 


SDBO 8-15 


CPU 
SDBO 
P8-15, 8-15 


Oor8 
1org 


7Jor15 


Memory 
Output 
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UJ540-551 


SDBO PO-7 or P8-15 


Byte Selection 


SAR 15 


A 
SDBO 0-7 foal 


UJ240 
N 
A 


SDBO 8-15 


Main Storage 


Oors 
1or9g 


7 or 15 


5415 TMD 


Disk 
SDBO 
PO-7, 0-7 


3-3 


BSM WRITE OPERATION 


Control line ‘BSM write’ 


is dropped. No storage 
operation is executed. 





Main storage errors 
are described on 
pages 3-10 and 
3-11, 


START 





. The CPU provides 


the address 
2. The CPU provides 


the store data 
3. The CPU indicates 


the write Operation 
via the ‘BSM write’ 
control line. 
4. The CPU selects 
main storage via 
‘BSM select’. 























Yes Address 
Parity Check 
No 
Vik Store 


data parity 
check 








The store check bit 
generator generates the 
six check bits 


Store data (22 bits) is 
stored on the array cards 






END OF OPERATION 





CPU Clock 


aes 


BSM Select 


BSM Write (active = write) 


SAR Bits (address) Good 


Store Data Good 


Store Data Parity Check 





One Main Storage Write Cycle = 480 ns 


0 100 200 300 400 480 


CPU samples 
for check 


during clock 6. 
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BSM READ OPERATION 


. The CPU provides the 
address. 

. The CPU indicates the 
read operation via the 
control line ‘BSM write’. 
(‘BSM write’ is inactive 
for a read operation.) 

. The CPU selects the 
MS via ‘BSM select’. 


At the beginning of 
the cycle with ‘cycle 
reset’ active, all 16 


data bits of the FOR 
are set to 1’s. The 
stx check bits are 
reset, 


The array cards 
are addressed 


‘Address 
Parity Check‘ 


The read operation is not 
stopped, but fetched data 
is wrong. 







Main storage errors are 
described on pages 
3-10 and 3-11. 





‘Uncorrectable 


The invert data switch cor- 
rects the failing data bit 


FDR set active gates the 
array card output (16 
data and 6 check bits) 
to the FDR. 


The fetch check bit gener- 
ator generates six check bits 
out of the 16 fetch data bits. 


3-10 


The syndrome bit generator 
generates the six syndrome 
bits by comparing the six 
fetched check bits with the 
six generated check bits, 





3-10 
The syndrome bit decoder 
decodes the six syndrome 


bits. 





3-11 


The error classification 
logic identifies the type 
of error (if any). 











Error 
Classification 


‘Correctable 
Error’ 3-11 


3-11 


The correct 16 data bits 
plus 2 parity bits are 
available to the system. 









END OF OPERATION 


CPU Clock 


BSM Select 

BSM Write (inactive = read) 
SAR Bits (address) Good 
Address Parity Check 
Correctable Error 
Uncorrectable Error 

Cycle Reset 


FDR Set 


Fetch Data Reg (FDR) 
Fetch Data Good (SDBO) 


SDR to B 


Read Operation Timing Chart 


1 2, 3 4 
EjJA,B,C,D,EjA,B,C ,DIA,B,C DIA 


One Main Storage Read 
Cycle = 500 ns 


0 100 200 300 400 500 


Reset (FDR to ones) Set (data) 
VHA ALLL LLL LLL LL AL 


sco] 
fee Ses eee mele 


Note: Diagnostic read operation (3) is 
covered by the LCP description on page 5-53. 


Next Access 


Cycle 


~--___$ 


| 


400 


Sampled at 
Clock 2 


Sampled at 
Clock 4 


Main Storage 
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BYTE CONTROL AND CHECK BIT GENERATION 


Store Check Bit Generator 
@ Generates a unique group of check bits 
determined by the number of logical 1’s 


in the 16 data bits to be stored. 


@ Each data bit is connected to three even 
blocks. 


@ Each even block is fed by eight data bit 


lines. 
SAR Bit 15 
@ An even block generates a check bit if 
an even number of eight input lines (unshaded 
squares) are active. 
@ Resulting 22 bits have even parity. SDBI P, 0-7 
E lee Dual Byte Mode 
SACD NES (from extended channel | 
controlled by disk) 
Storage 
Location Data SDBI P, 8-15 (from CPU) 
0000 F2 
0001 F 


Keep a count of the number of unshaded squares 
in the C-bit line that correspond to a 1 in the data 
line. When all of the unshaded squares for a par- 


ticular C-bit line have been checked, determine SAR Bit 15 


whether the count is odd or even. If the count 
is even, that C bit is active; if odd, it is off. In 
this example, an even number (6) of C1 bits 
(unshaded squares) are active; therefore, C1 is 
active. 


This check is repeated for each of the C-bit lines. 
Four of the six check bits are active (C1, C2, C4, 


and C6) in this example. 


Ten data bits (in the example) plus the four check 
bits equal 14 bits active, or even parity. 


Store Data Parity Check 
The store data parity check indicates wrong parity 
on the store data bus. It prevents the store 


operation. 


This check causes an SDBI processor check. 





Byte Control 


SDBO P, 0-7 


MDBI PO-7, 0-7 
OR 











or P8-15, 8-15 


SDBO P 8-15 


Cards and ALD pages for byte control 


BSM 1 UJ200-210 A-B4P2 
BSM 2 UJ520-521 A-A4P2 
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Store Check Bit Generation 
Address 0001 Address 0000 








SDB1 A-B4P2 


Main Storage 


Card UJ220 Array Card 
Input 
0-15 0-15, C1-C6 
PO-7 
0-7 
P8-15 
ole Parity Store Data Par Chk fee 
Check 
3-12 
3-13 


Cards and ALD pages for store check bit generation 


BSM 1 UJ220 A-B4P2 
BSM 2 UJ522 A-A4P2 














BSM Timing 

A delay line clock and timing latches make up the 
timing mechanism. The delay line clock is started 
by the BSM select pulse Ga . As the pulse travels 
through the delay line it sets and resets the timing 
latches. 


Controls 


The BSM controls, which move data into and out 

of main storage, consist of the addressing scheme 

for locating words in the storage unit, read/write 
control signals, and a clock for timing operations 
within the storage cycle. To start a storage cycle, the 
CPU sends an address read (not BSM write) or write 
(BSM write), and a select pulse to the BSM. The 
cycle proceeds under control of the storage unit 
clock and data is gated into or out of the BSM. 


Addressing 


Addressing is a method of locating information 
in the BSM. The main storage address coming 
from the CPU consists of 19 bits plus three 
parity bits : 


SAR bits E14, E15, and 0 through 14 are decoded 
B | and provide the address of the selected double 
byte storage word. Since two bytes are read out 

of storage at a time, SAR bit 15 is not used for 
actual addressing, but determines which of the two 
bytes is gated to the SDBO. 

BSM 1 and BSM 2 selection and output gating 
(MOP) is controlled by SAR bit E13 (board 


| 

| 

| BSM Select 
select) fy : | 

| 

| 


(not) SAR E13 
(not) 100 ns Osc 
When SAR E13 is not active, BSM 1 is selected. 
When SAR E13 is active, then BSM 2 is selected 
and the write signal to the first board is degated. 
On a fetch operation the SAR bit E13 controls | 
which output data (BSM 1 or BSM 2) is gated to | 

| 

| 


BSM 2 Select 


BSM Select 
(not) 100 ns Osc 


the CPU. See page 3-12. SAR E13 


Note: BSM write is active on write operations and 
inactive on read operations. 


2-3 


[ss Write (see note) 
XT-FL 


(not) Store Data Par Chk 


(not) Address Parity 


— 3 —_ 


Store Data 
Bus In 


SAR 


MSAR 


ree] [es PP PPLE Pl h Ppp 


Array 
Cards 







Address Decode 











For detailed 
description of 
address se- 
lection, see 
page 3-8. 





SAR E13 | 












Timing 
and 
Control 


BSM Select 








5 6 7 


A,B,C,DJA,B,C,D,A,B,CD,! 


500 ns} _. .._______ 500 ns —_____—__-+ 


CPU Clock 





Read Cycle 


BSM Select (J11) _ _ Write Cycle 


(if required) 


——— 


Cycle Reset 


Card Select 


JO7 
Main Storage 


Timing and 
Control 


BO7 3-8 





Gog 3-8 


xD 
> 


For scope wave forms 
of these timings, refer 
to pages 3-14 and 3-15. 


FDR Set 





CTU LLL A 











Write 1 
A-FL 
a Write 2 Cards and ALD pages for main storage timing and control 
A . 
Write 3 
i ; Timing and Control Card (ADC) 
on Write 4 


BSM 1 UJ100-110 A-B4R2 
BSM 2 UJ510-511 A-A4R2 
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BSM 


MSAR 










P Extd E13, E14, E15, PO-7, 0-7, P8-15, 8-15 Address Parity Check 


Address Parity Check (MSAR Check) being 
active indicates wrong parity on the address 2-57 
bus. This check inhibits a store operation. 3-12 





Byte Selection (page 3-6) 
(bit on selects odd byte, 
bit off selects even byte) 





er eae [eee eee el emae ee 











EIS e14 EIS ot 2 hT2 1S 18 5415 Main Storage Board A-B4/A-A4 
D E F G H J K L 
3 3 3 3 3 3 3 3 
X Timing 1U, 2U, 3U, 4U 8 8 8 8 8 8 8 8 
DRVR 4 4 4 4 4 4 4 4 
XT-EL X Timing 1L, 2L, 3L, 4L oa Rta K K K K K K K K Upper 
eS / aloe / / rt dy / Array 
37 5 5 3 3 5 5 3 2 Cards 
1 1 8 8 1 1 8 8 
2 2 4 4 2 2 4 4 
K K K K K K K K 
3 3 3 3 3 3 ) 3 
8 8 8 8 8 8 8 8 
4 4 4 4 4 4 4 4 
K K K K K K K K Lower 
/ / / / / / / / Array 
5 5 3 3 5 5 3 3 Cards 
1 1 8 8 1 1 8 8 
2 2 4 4 2 2 4 4 
K K K K K K K K 





cs cs cS cS cs CS CS CS 
Card Select 7 5 3 1 


Decoder 


Bin Card Select 0-7 
Dec 


| x » Card Select Time 
Cards and ALD pages for address decode 


Board Selection (bit on selects board A-A4: 256K-512K) 
(bit off selects board A-B4: OK-256K) 










FETCH DATA REGISTER AND CONTROL 


FDO-15 
FC1-FC6 nes 

Function 
FDO-7 F DO-7 
FC1-FC3 FC1-FC3 
FD8-15 FD8-15 
FC4-FC6 FC4-FC6 





Cards and ALD pages for main storage 







See page 3-2 for 
array card locations. 







See page 3-2 for 
array card locations. 


Dot 
Function 


FDO-15 
FC1-FC6 


CPU Time 

BSM Time 

Gates Reset (reset to ones) 
FDR Set (data) 


ECC Time 


Fetch Data Good on SDBO 


FDO B through FD15 B, FC1 B through FC6 B 


SB1 


FDO A through FD15A, 
FC1 A through FC6A 


FDR Set 


(not) BSM Write 


Dual Byte Mode 


[FR» FR Reset 


5-60 





Cycle Reset 


(not) BSM Write 





Dual Byte Mode 





CL1 
CL2 
CL3 
CL4 








(force ones) 


Fetch Data 
Register (FDR) 






FDR 0-15, C1-C6 


(force ones) 





(reset) 


Cards and ALD pages for fetch data register (FDR) 


BSM 1 UJ300-310, UJ330 A-B4M2 
BSM 2 UJ530-531, UJ533 
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ERROR CHECKING AND CORRECTION The 22 bits coming from the BSM during a read 


operation are stored tn the fetch data register 
(FDR). If there is an error in the 22 bits, the 
ECC logic detects and corrects (single bit errors) 
the error and indicates the type of error to the 
system. Using the 16 correct data bits, two parity 
bits are generated (one for each byte). These two 
bytes of data are then available to the system. 


‘The data transferred to main storage during a 
write operation consists of 16 data bits plus the 
corresponding two parity bits. The store check 
bit generator generates six check bits to add to 
the data bits. If parity is correct, the two parity 
bits are dropped at this point. The 16 data bits 
plus the six generated check bits are then stored 
as a 22 bit word on the array cards. 


C1-C6 C1-C6 


Tw FDR 0-15, C1-C6 


3-9 


cr eee 
2a epee TS ee 
iA Poke 


The unshaded areas 
indicate the bits that 
are connected to the 
even blocks. 


Cards and ALD pages for fetch check and syndrome bit generators 











Generators 





Fetch Check Bit Generator 


The fetch check bit generator generates six 
check bits (C1-C6) from the 16 fetch data 
bits coming from the FDR. These checks 
are generated in the same manner as in the’ 
store check bit generator. 


|B | Syndrome Bit Generator 


Odd |S! 

C1 

Odd S1-S6 

C2 (Test Points) 


Syndrome Bit Generator [EJ 


The syndrome bit generator generates six syndrome 
bits by comparing, bit by bit, the six generated 
check bits (C1-C6) with the six check bits from 
storage. If al] check bits compare, all six syndrome 
bits are zero. Each unequal compare generates 

a one for the syndrome bit. 


For diagnostic purposes, the six syndrome bits are 
connected to test points on the SDBO card. 


(4 syndrome Bit Decoder 








0 sf Of OU] <0.) 

ee ee ee 

eed PP OO Sp EOF. | 1 
pai OO 0 fa 2 
PaO ft ao? | ory 3 | 
ea ae ae ee 
Ov es) 0c Ont 
ee a ee 
[Opera yO 0 at 
AO sO AC We] 207 8s) 
Oe Os a Oe 
Oe iba A MPs) AO Oy 
es ee ee ee ee 
Lee ee eee 
Os On ho it te 
Ee a ee re ees 
Oe Oe Oe 
pi foftotot of of ci) 
po ft | of} of] o | Oo} ca) 
po fot i1 to} of o | sl 
po fofofti1 | of of ca) 
po | of} of} of} 1 fo | 5 | 
po foftofoftofti | | 






P Or alt sae None I No Error | : 
| oO | oj} 0 | 


(Invert Data Bit 0-7) 


(Invert Data Bit 8-15) 


BSM 1 UJ340 A-B4M2 
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Syndrome Bit Decoder 


This circuit decodes the six syndrome bits and 
generates the ‘invert data’ lines that identify the 
failing data bit in case of a single bit error. It also 
identifies multiple errors or no errors. 


Only one syndrome bit decoder output line is 
active at a time. 


3-11 


Invert Data Bits 
0-15 


Check Bit Failure (1 and only 1 S bit) 





ERROR CHECKING AND CORRECTION 


Invert Data Switch Ey 


The invert data switch corrects a single bit error 
by inverting the failing bit. It also corrects the 
parity of the byte in which the failing bit is 
corrected. 


Error Classification Logic [EJ 
This circuit identifies the type of error and gener- 


ates the error lines ‘correctable error’ and 
‘uncorrectable error.’ 


The number of active syndrome bits relates 
directly to the kind of error. (See syndrome bit 
decoder on page 3-10.) 












Syndrome Bits Type of Error 


Single data bit error 
Single check bit error 


Multiple bit error 


all 6 bits = O 
3 bits =0 

3 bits = 1 

5 bits = 0 

T bit = 1 

All other bit 
combinations 











The error classification logic also generates an 
‘invert parity’ line for each single data bit error. 


Correctable Error 


The correctable error signal indicates a correct- 
able error has occurred during a fetch operation 
(a single bit error has occurred). 


Uncorrectable Error 


When a multiple bit error occurs, the syndrome 
bit combination does not allow an output from 
the decoder. Main storage circuits cannot correct 
this type of error. The result is an uncorrectable 
error indication and an SDBO processor check. 


Diagnostic Mode 


This line inhibits error correction of the fetched 
data. The current contents of the fetch data 
register are available at the SDBO bus. 


FOR 0-15, 


D>. C1-C6 


3-9 
(C1-C6) 












SDBO 


0-5 
FR Reset 


Diagnostic Fetch 


Invert Data 
Switch 


If an invert line 
is active, the 
corresponding 
data line and 
Parity bit are 
inverted 















6, 7, PO-7, 8-15, P8-15 


[NES No Error 


3-10 










Gi Error Classification Logic N) 
N 


(Invert Parity Bit P8-15) All data and check 


bits are good, 





(Invert Parity Bit PO-7) 


Invert Data Bits 


[— 


3-10 


Single bit error 
has occurred. 


pOheeh Bis Dingle Ere Note: Only 1 of the syndrome bit 


decoder output lines can be active 
at the same time. 


(co — Bit Failure 


3-10 


DF Diagnostic Fetch 


5-60 


SDBO 0-7 (to MOP) 


SDBO SDBO 0-7, P 
0-15 Xx 







SOBO 8-15 
SDBO 8-15, P 


SDR P check causes an 
SOBO processor check 


Cards and ALD pages for tnvert data switch 


BSM 1 UJ300, 310, 340 A-B4M2 


BSM 2 UJ530, 531, 533 A-A4M2 






Uncorrectable Error fuc> 


2-47 
3-12 
3-13 


Correctable Error Foe 


2-47 
3-12 


Cards and ALD pages for error classification logic 


BSM 1 UJ350 A-B4M2 
BSM 2 UJ535 A-A4M2 
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MEMORY OUTPUT (MOP) 


On a fetch operation, the fetched data (SDBO bits) 
enters the memory output circuitry where SAR bit 
E13 controls which BSM output is gated to the 
CPU. The memory output cards select the active 
bus only to repower the bus lines to the CPU. 


Ww 


-11 


w 


-11 


Ww 


-11 


3-11 


. 
do 


3-6 


SAR E13 Pwrd (board select) 


SDBO PO-7, 0-7 (BSM 1) 


SDBO PO-7, 0-7 (BSM 2) 


Uncorrectable Error (BSM 1) 


Uncorr Error (BSM 2) 


Correctable Error (BSM 1} 


Corr Error (BSM 2) 


SDBO P8-15, 8-15 (BSM 1) 


SDBO P8-15, 8-15 (BSM 2) 


Address Parity Check (BSM 1) 


Address Parity Chk (BSM 2) 


Store Data Parity Check (BSM 1) 


Store Data Par Chk (BSM 2) 


(not) SAR E13 


DCD} sar e13 


(not) SAR E13 


DCD 
SAR E13 





UJ540-541 





UJ550-551 


SDBO PO-7, 0-7 (extended channel to disk) 


Uncorrectable Error 


Correctable Error 


SDBO P8-15, 8-15 


Address Parity Check 


SDBI Parity Check 


3-12 


SDBI/SDBO PROCESSOR CHECKS 


E>. Store Data Par Chk 


3-6 


ke) Load Check Latches 


2-18 


Reset Check Latches 


RC 
2-18 


luc) Uncorrectable Error 


3-11 


E> Block SDBO Chk 


5-60 


[so SDR P Check 


3-11 
[AAS Aux ALU SDBO Chk 


2-24 


is : 


CE Allow SDBO Chk 


Any Alter or Disp ATT-PMR 5 B 
A 


(not) Wait State 


Clock 4 Not Wait 


Clock 8 SDBO Chk Gate or 


KA312 


(not) Invalid Address 
(not) Alter SAR Mode 


Clock 6 Not Wait A 


KA312 


(not) Alter SAR SDBI Check 


A 
Load Latches FL 
A 
KB111 
KB101 
‘ 


Processor Check PB101 


Processor Check Display 


KB101 


KB101 





KE293 


KE293 


Display Bit 


5 Hi 


Display Bit 6 Hi 


Main Storage 


5415 TMD ~~ 3-13 


MAIN STORAGE MAINTENANCE 


The following scope wave forms are provided to 
help you service the 5415 main storage unit. 











Operation: Alter storage — Loop all positions of ‘-BSM Select’ ‘_BSM Select’ b=wsmm! 
main storage (description is on page A-B4V5D13 A-B4V5D13 
6-4). (UJ012) (UJO12) 
Tektronix” * 
453 Scope: Sync Ext Minus +Clk 0 
A-B3T 2S09 
(KC122) ‘Cycle Reset’ ‘-FDR Set’ 
Ch tandCh2 50 mV/div BSM 1 — A-B4R2J07 (UJ110) BSM 1 — A-B4R2J12 (UJ110) 
Time Base 0.1 us/div 


BSM 2 — A-A4R2J07* (UJ511) BSM 2 — A-A4R2J12* (UJ511) | 








All Probes X10 





Note: Ground probes at panel to 
avoid excessive ringing. 












‘-BSM Select’ 





| 
fl 









‘-BSM Select’ 4 
A-B4V5D13 A-B4V5D13 eae fil ‘-BSM Select’ 
™ er OOO 
7 a (UJ012) 
esl decals clcl sl cag 


‘-X Timing’ 
BSM 1 — A-B4R2G11 (UJ120) 
BSM 2 — A-A4R2G11* (UJ512) 


ae 
Ed) 


‘+100 ns Osc’ 
BSM 1 — A-B4R2M02 (UJ100) 
BSM 2 — A-A4R2M02* (UJ510) 


‘+Card Select 0’ 
BSM 1 — A-B4R2B07 (UJ120) 
BSM 2 — A-A4R2B07* (UJ512) 


PET Ley 
Zin 
Eas 


ES 
| 
Le delet 





*Use this test point when altering upper storage (> 256K). 
**Trademark of Tektronix, Incorporated. 


MAIN STORAGE MAINTENANCE 
Operation: Display Storage — Loor all 
positions of main storage 
data in storage = Hex ‘FF (1111 1111) 
(description is on page 6-8) 


Read Portion of Storage Cycle 


Tektronix 
453 Scope: Sync Ext Minus ‘+Clk 0’ 
Write Portion of Storage Cycle A-B3T2S09 
(KC122) 
ChiandCh2 50 mV/div 
Time Base 0.1 us /div 
Note: Ground probe at panel to 
‘-_BSM Select’ avoid excessive ringing. 
A-B4V5D13 
(UJ0O12) 














—}—|— Nee 


FTL 
eee eRe 
Pia a 
a) ae 


Pan IL HEHE 


Note: Lower trace could be any of the six 


‘-FDR Set’ 
BSM 1 — A-B4R2J12 (UJ110) 
BSM 2 — A-A4R2J12* (UJ511) 








“tWrite 1° 
BSM 1 — A-B4R2M03 (UJ110) 
BSM 2 — A-A4R2M03* (UJ511) 















Note: Change time base to 0.2 ps/div. 


‘-FC 1A’ 
BSM 1 — A-B4M2D02 (UJ330) 
BSM 2 — A-A4M2D02”* (UJ533) 





check bits. 


‘-FDR Set’ 
BSM 1 — A-B4R2J12 (UJ110) 
BSM 2 — A-A4R2J12* (UJ511) 









Le 
+ 
oid 
Sd 
| bet | | 
i ee A} 
eT 
Seca sie 


Note: Lower trace could be any of the 16 
data bits. 


‘+FD 117A’ 
BSM 1 — A-B4M2U03 (UJ310) 
BSM 2 — A-A4M2U03* (UJ531) 


*Use this test point when displaying upper 
storage (>256K). 
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Main Storage Address 


i 


Control and Error Status 






1/O [ NTE R FACE Processor Data Flow 


All 1/O devices communicate with the CPU over 


| 


bs 


Address/Data Switches 
cls 
















3cD 


the 1/O channel. This attachment interface 

Bt P md, Extended x 
consists of several major functions: Channel Odd CD 11.0 Cycle) 

8+ PEP to Disk cis 






OBI 






Transtate In 


S) 


1. DBI, DBO drivers and terminators ; 


Main Storage 


2. Extended DBI, DBO for disk only & . fe oe 


1CD (1-Op), 3CD (1-Q) 


LSR Hi — 3CD, 
LSR Low - 1CD,3CD, 


Channel In 
Control 






3. DBI and DBO translators (description 


3CD 
x 
x 
— aaa 
SOBI Register 
E13 E14 E15 0 495 15 LSR High - 1CD, 7CD Force 1, (°c) Cond Reg 


3 ‘ 5 LSR Low — 5CD 2,01 16 
4. Cycle steal hardware | D | (description is on 7 T 
page 5-72). | 
Aux ALU 
© Decode 
ALU Gating Ctks : oe 
ee Cycie _ 
Transiate Ey = 
Out 


5 Input lines for console switches G (descrip- 
0 44 15 | | | 
1D, 30 5D. (Fast t-Cyclel 10, 3D. 5D, (Fast t-Cycle) Deak. akan 
2D,4D, 8D x x 2D, 4D, 6D SEES OS 


tion is on page 4-110). 
esr i © @ | oe ee aS . av. 
Channel Out aoe 
a4 in 
Seiect 
CPU 


Last Attachment 













Ci34 SB. tiC‘i‘(‘ . Ct4,5 











Address 
Translate 





Table 














Channel Out 
Control 



























ODE. 9D 











17th, 18th, and 19th Bit +P 





@) Parity Checked 


<) Parity Generate wer Att 
9) “ay Att #1 Att #2 tt #3 
me Display v Channel In 
¢ DR 
x 
CPU 


Note: An open in channel wiring between driver 
and voltage divider can cause incorrect wave shape. 


Example: 


Clock se as wai ees 


Correct Open Channel 
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CHANNEL CABLING (CPU) 


This diagram shows the channel cable connections 
within the CPU. If any feature board is not 
installed, then the cables run between the existing 
boards. If, for instance, the Al board on B gate 

is Not installed, the cables would run from the 
B-A2 board to the B-B1 board. 


*MLTA and BSCC are mutually exclusive features (cannot 
have both features on same machine). 












5424, 2560, 
Channel . 1442, or 
Channel Bank 1 Channel 
1403 3340/3344 Terminate 
Printer Disk Feature 
DBO oe 
lock 
Ne 
M Y4 
weed " 
A-A3 
18 Bit Extended 
Channel 
Channel Bank 2 
3277 SiOC 
3411 BSCA-1 Spare 2501 





B-B2 B-A2 B-A1 B-B1 


Channel Bank 3 


BSCA-2/Display Adapter 3741 MLTA 


ee 

at ale 

uke. 
B-A4 B-B4 


or 
BSCC* 
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DBO TRANSLATOR (5424) wee 23°54 5.6 7 ALU Bis » 
Used B A 8 4 2 1 96-Column Card Code Positions 
The DBO translator is used during clock 4 and 5 only 
time to translate ALU data (EBCDIC) to 96-column for IPL 
card code. The DBO translator is not used during Example 


every I/O cycle and if the ‘translate out’ line is 
inactive, the data is transferred to the |/O attach- 
ment unchanged. The figure below shows a ‘translate 
out’ conversion table. 


ALU Bit Positions 


ALU Bits 





EBCDIC 


Translated 96-Column 


See page 4-107 for DBO and translator circuits. 3 Card Code 
M Character 

ALU 

BITS 

0,1,2,3> 2 

4,5,6,7 


m 
oO 
oo 
oO 


a 

~ 

co 

wo 

> 

w 
aie 
aio 


A 


oO 


20 90 CO 70 


: . 


23 | Lo 


3 4 
00 
SPACE 


mn 
NO 
NO 
NO 
> oO © ~N on 
Ls 
W 
On 
uv 


ae 
on 
= > 
> > > — on 
i so 
NO —_— 
0 
N 
ie 
N 
8 
N 


2 B2 52 32 22 02 
B K 2 
3 F3 E3 D3 C3 B3 A3 93 83 13 63 3 43 33 23 03 
Cc L 3 
F4 E4 C4 A4 94 84 74 64 44 34 24 04 
D M 4 
5 F5 E5 D5 C5 BS 5 | 95 85 75 65 25 05 
5 

F6 E6 C6 A6 96 76 56 46 36 26 

F O 
F? E7 D7 C7 B7 A7 97 87 77 67 27 07 
7 
. ee . ~ 7 : 4 0 a 

H 


£ 
© 


39 


cS b b 
N : a 5 N 
w 
No 
z 


6A FO BA 


> 


9 


b 
> 
w 
> 
N 
> 
O 
oO 
> 
Go 
> 


pw 
GN 
— a —_ _ —_ —_ a —_— — m 


ae 


| s[e8 |e 





: " ” : : eee a 
~ ~ mn 
@ > © 
Mm 
8) 
Pee 
© 


6B BB 


o 
© 
oO 
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7C 6C 2C 1C oc EC DC BC 
$ % @ 
70 6D 2D 9D 





6E 


O 
m 


oO OQ Oo 
> 
Oo 


BE 


> 
m 


9E 





nN 

m 
Nee f° = 

m O 
1 2 

m 

n 

m 

Oo 

m 


6F | 5F | 4F | 3F BF OF 


> > 
ce) 
8 
0 oo co 
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N 59 ee 
7 
ao 
a) 
7h 
n 
mn 
m 
nT 
oO 
mn 
QO 
nl 
> 
0 
nN 


DBI TRANSLATOR (5424) 


The DBI translator is used during clock 2 and 3 
time to translate the 96-column card code into 
EBCDIC. The translator is not used in every 
1/O cycle and if the ‘translate in’ line is inactive, 
the 1/O data is transferred to the A register un- 


Used only 


for IPL 
pee Nees 


Example 





B A8 4 2 1 6 Bat Card Code Positions 


2 3 4 5 67 OBI bits 



























































. ' iy DBI Bits 
changed. The figure below shows a ‘translate in 
conversion table. 2 4 Card Code 
See page 4-115 for DBI and translator circuits. 2 4 Translated Codr 
In EBCDIC 
DBI 
BITS 
0,1,2,3 0 1 2 3 4 5 6 7 8 9 A 
456,7 
BO 20 90 Co 70 EO 
21 91 81 71 Ei | 51 
A2 | 92 | 82 | 72 | 62 | 52 
A3 93 83 73 63 53 
A4 94 84 74 64 54 
AS 95 85 75 65 55 
A6 96 86 76 66 56 
A7 | 97 | 87 | 77 | 67 | 57 
A8 | 98 | 88 78 | 68 | 58 
AY 99 89 79 69 59 
A 7A |50 | 5A | 4A | 3A |10 | 1A | OA | FA | EA | DA 
& ! Cc 
B 7B {6B 158 | 48 | 3B |2B {18 | 08 | FB | EB | DB 
# $ 
Cc TC 6C 5C 4c 3C 2C 1c OC FC ; EC DC 
@) % : << 
D 7D |6D | 5D | 4D | 3D | 2D | 1D | 0D | FD | ED | DD 
E 7E |6E | 5E | 4E | 3E | 2E | 1€ | OF | FE | EE | DE 
~ : + 
F 7F |6F | 5F | 4F | 3F | 2F | 1F | OF | FF | EF | OF 
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1/0 INTERFACE LINES 


This page provides a CPU entry point from 1/O 
attachment manuals. Only lines shown to exit 
those manuals are found here. 


4-100 


1/0 IF Chan 1 Data Bus In Used to transmit information to DBI D 
the CPU from the I/O attachments . 4-115 
Data Bus Out Used to transmit information to ea Nc [v0 1FY 
4-107 the 1/O attachments from the CPU 
Chan 1/O Check Chan 1/O Check 
1/0 IF . She ee ee 
1/O Attention 1-7 
[roe 0 Auten (2 
1/0 1F /O Attention 


1/0 IF Chan 1 1/O Condition A 1/0 Condition A 
Status In — Used to present the status 4-1 D 
Chan 1 1/0 Condition B ob theil/O attachments te the CPX, I/O Condition B iS 
2-2, 2-4, 4-120 


Chan 1/O Working 


1/0 IF 


Channel |/O Working 
1/O1F 





; 


2-5 


FOIE Chan LSR Select Bit 3-7 Select Bus In — Used to select an LSR in the Chan LSR Select 3-7 
CPU during I/O instructions and !/O cycles 2-35, 2-36, 2-37 


Chan Translate In 


Translate In 


1/0 IF 


| 


4-115 
Chan Translate Out Translate Out 

4-107 
1/O1F Chan Binary Subtract Control In — Used to control the flow Chan Binary Subtract 
of data in the CPU during !/O cycles 


Chan Store Data Chan Store Data 


~ 
on 


Chan Block SDR to B 


Che lock FDR 
VO'F an Bloc 





N 
—_ 


Check Reset 






Check Reset to |/O Channel Check Reset 


a 
KB141 
| : 10 Cycle 10 Cycle | 0 F > 
2-2 


EB Not ist Cycle EB Not Ist Cycle 
2-2 


Channel CS Priority Bit 5 Chan CSR 3-7 
EB Cycle EB Cycle 
EB > 
Clock 0-8 Clock 0-8 
[cL 
| cs Phase C Phase C 1/0 IF 


2 


| ; LIO Instr LIO Instr 
2-41 
| p TtO Instr TIO Instr 
2-41 
Int Poll Int Pol! 
1/0 1F 
n Tags Out — Used for interlocking and 
i SNS Instr controlling information on the buses SNS Instr 
2-41 
SIO Instr SLO Instr 


1/0 IF 
2-41 


Power on Reset 





KC 102 


DBO AND TRANSLATOR 


ALU Out Page 2-9 ALU Out 


E 


7 
m™m 






(not) 6 
(not) 5 


(not) 4 





E 










Te 






E 


SL 


$f f 
m 


Tg Mh sigs aaa naigeccl Gaels Fh nega eect 


KE231 A 


> Translate Out (5424) 


KE241 


aloe CPU to Card Translate Clock (CI 4C to 6C) 


E> Cycle Steal Request (highest priority acknowledged) 





5-72 
File IPL | 
ile Cycle Clock 7D to OC ae 
2-4 
| : MFCU IPL Cycle eee ee te>— 
24 





KE251 


Data Bus Out Es 


4-100 


DBO Parity Check 


m 
< 
m 
2 


1/O Interface 


5415TMD 4-107 


4-110 


CONSOLE SWITCHES ADDRESS 









—_ ATT/PMR ADDR | 





Console Bits Lo 


Alt/Displ Storage or Alt/Displ ATT/PMR 


(a ep et en i ie an Pee, pee Cee Ce Ree ee oe Mle ty al 


Parity Generation 





Clock 34 Gate Console Bits La 


| 
x | 
| 
| 
| 


Bit P 





Clock 1-2 


SNS 1/0 
Q Reg Blank 
Clock 34 


ee 
Ist E Cycle Poe 





Gate Console Bits Hi 


Console Bits Hi 


EB Cycle 


Facing Page 


Facing Page 


DBI AND TRANSLATOR 





Data Bus In ToA 
Register Then ALU 






















DBI Bit F 
OE 
DBI Bit O 
OE 
DBI Bit 1 
OE 
| 
OE DBI Bit 2 
DBI 
: OE BI Bit 3 
DBI 
OE BI Bit 4 
A 
DBI Bit 5 
iS. OL — 
laden 
A 
oe LOBE Bit 6 
Sed Fg [OF 
ee + piss DBi Parity Cneck 
; ie. ae : 
(even clock time} et A 
Transiate In (5424) Translate In KE121 





4-100 


1/O Interface 5415TMD 4-115 


CHANNEL DBO PARITY, INVALID 
DEVICE ADDRESS 


a 1/0 Condition A 






4-100 

Clock 8CD 
TFS 1/0 Condition B P 

1/O Not CE Test 
4-100 
[so) 1/O Check Stop Gate Channei DBO Parity 
2-41 

1 
|-O Check Stop Gate 

o> 1-O Cycle Invalid Q 
2-2 

1/O Condition A 
ce N KB121 
4-100 

1/0 Condition B 
iS N 
4-100 

Reg Instr 

A 
O Bit oO 
Cmd CPU Instr A 
CMD 
A 

oo! SVC Instr — 

oo hey ae 

Priv Mode (page 2-29) 
TiS Inhibit Hard Stop 

: N 

2-50 HN Ci 8CD 
RC) Reset Chk Latches 


NO 
ao 


FL 


KB101 


4-120 


Channel DBO Check 


Channel DBO Check Display 






Process Chk Display 


KB131 
Display Bit 6 Lo 


Processor Chk 
KE295 


PB101 


KB141 


PC111 


2-47 


Invalid Q (invalid device address display) 


Display Bit 7 Lo 





Sw Process Chk Display 
Pos 
8 A KE295 
PB101 
FL Processor Chk 
KB121 nei El 


PC111 


DBO PARITY 





EBCIDIC 
To Card 
ALU Code A 
Translator 
KE251 
KE231 
AV142 KE241 
Clock 7D thru OC 
A 
Prior 
Req KE251 
KE201 
KE211 
DBO P Chk 
(not) Clock 7-8 
Odd Not 9 
ce Load Check Latches FL 
2-18 
IRC> Reset Check Latches 
2-18 


Note: Rotate drum switch to position 7 to 
display CS priority bits, position 5 to display 


ALU output 


Even 


KE 261 






Drum 
Switch 
Sw 
Pos 
8 





Proc Chk Display 


a, [CPU DBO P Chk Displ 


KB131 
Display Bit 2 Lo 


KE295 PB101 


Processor Check 


PC111 


1/O Interface 5415 TMD 4-125 


DBI PARITY 


DBI 
Reg 
(bits 0 to 7 + P) DBI P Chk 
Even 
KE101 
KE101 


Odd Clock Not 9 


| > Load Check Latches 


2-18 


ie Sense |/O 


1/O Not CE Test 


2-41 

ie 1/O Not Console Instr A 

EB 34 
2-41 
KG131 
Reset Check Latches 
RC 
2-18 


Note: Rotate drum switch to position 5 to display 
A-register contents. Rotate drum switch to 
position 1 to display SAR (contains address 
of failing column) to determine bit structure. 







DBI P Chk Disp 


Display Bit P Lo 


Drum 
Switch 







Proc Chk Display SEO 


Proc Chk 


KB141 


PC111 


4-130 


CPU INSTRUCTIONS oe 
















- 
INSTRUCTIONS AND SIGNAL PP OOOO I OOS SI SS Oi CE PPS OOS LSP DIOS TS 
REFERENCE Wier eo Sf fF FF SF SFE SF SF SE SF EF SE SF Ff SEF EE |S Se fF YF Ff SF € S 
ay \ 2 ~~ 
coe a @ S x : xX “ & 3 ee 
C7 oe of Ss ‘s & cy > ee so Ss & & a os s S oo Fak oe cS ee 
iy * 3° Rg RS Ss Q & eo . ee & “ mS & = © < j - A > ao - a e s ae & & a ss — sy 
s gS cS g is a rs © S os @ Os o eo Z a os oS rs 9 ey a x ae = Ss o ae Ss os oO y of & S& a os ae e se > 

Op Bits . 
Page instructions 0123/4567 
5-21 Zero and Add Zoned ZAZ X 0100 a x 
5-20 Add Zoned Decimal! AZ xX 0110 : x 
5-20 Subtract Zoned Decimai SZ X 0111 IS g 3 x 
5-34 Move Hex Character MvxX xX 1000 * x XX 
5-26 Edit ED xX 1010 x 
5-30 Insert & Test Characters ITC) X 1011 % = x 
5-16 Move Characters MVC X 1100 a Ss 
5-16 Compare Logical Character CLC xX 1101 E e 
5-15 Add Logical Character ALC X 1110 2 z 
5-15 Subtract Logical Character SLC xX i111 . . 
5-76 Sense 1/O SNS Y 0000 x x 
5-73 Load 1/O LIO Y 0001 *K * 
5-46 Store Register ST Y 0100 
5-46 Load Register L Y 0101 
5-46 Add to Register A Y 0110 
5-42 Test Bits On Masked TBN Y_ 1000 
5-42 Test Bits Off Masked TBF Y 1001 
5-42 Set Bits On Masked SBN Y 1010 
5-42 Set Bits Off Masked SBF Y 1011 
5-38 Move Logical Immediate MVI Y 1100 
5-38 Compare Logic Immediate CLI Y 1101 5 
5-52 Store CPU SCP Y 1110 © 
5-53 Load CPU LCP Y 1111 s 
5-51 Branch On Condition BC Z 0000 9 x x 
5-79 Test I/O and Branch TIO. Z 0001 x x x Legend: 3€ Condit.oned by Q register bits. 
5-50 Koad Addeoss LA Z 0010 x ®& Line developed but not used in this operation. 






Op bits 0123 


5-66 Halt Program Level HPL 


n 


0000 


5-80 Advance Program Level APL X Two address instruction (can be indexed by bits 0-3). 


mn 


0001 


Y One address instruction (can be indexed by bits O and 1). 


(Q register 


X€ (OC register not blank) 
not blank) 


568 Start 1/O SIO. F 0011 Z One address instruction (can be indexed by bits 2 and 3). 


* 


5-67 Command CPU CCP F Q100 F Command instruction. 


& 
&® 
® 
5-65 Jump On Condition JC F 0010 ® 
@ 
® 
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INSTRUCTION CYCLES (FAST I-CYCLE) 


Not all instructions are executed at fast |I-cycle 
speed. Certain instruction types require normal 
processing speed. 


These operations that require normal processing 
speed include: 


@ 1/0 and Halt instructions 

@ The iast cycle of a 3- or 5-byte instruction 

@ Certain time dependent diagnostic programs 

@ Cycles during which program checks occur 

The following instruction cycle diagram shows the 


I-cycle, dummy half cycle, and machine cycle 
relationship for all instruction types. 


Machine Cycles lot eS ee 
1 2 3 4 


Two Address Instructions 

















1-Op 1-0 1-X1 1-X2 EA EB 
|-Op 1-0 |-H1 1-1 I-X2 V Dummy EA 
1-Op 1-0 1-X1 1-H2 1-L2 y Dummy EA 
1-Op 1-0 1-H1 {-L1 |-H2 1-L2 EA 
One Address Instructions x4 D EB c MV1, CLI, TBN, TBF, 
(nonbranch) !-Op I-Q V any B SBN, and SBF 
1-Op 1-Q |-H1 (-L1 EB EB ST, L, A, SCP, and LCP 
One Address Instructions 0 D 
(branch) “UP 1-O 1-X1 V ummy 
LA and BC 
1-Op 1-O t-H1 1-L1 
Command Instructions 1-Op 1-0 LR JC and CCP 
1/0 Instructions plus HPL HPL, APL, SIO, LIO, or SNS with 1/O bus 
| - - i, , , ’ Y 
and APL 1-Op y Dummy 1-Q y Dummy i-R 
1-Op y Dummy 1-0 y Dummy I-H1 y Dummy i-L1 y Dummy TIO 
!-Op Vv Dummy 1-0 V Dummy 1-X1 7) Dummy TIO 
EB1 Followed by 
!-Op V Dummy 1-0 Vv Dummy 1-H1 Vv Dummy y I-L1 V Dummy EB 110 and SNS 


Op yy Oummy 1- y Oummy I-X1 = Dummy EB1 Followed by EB—LIO and SNS 


TWO-ADDRESS INSTRUCTIONS 

1-Cycles 

@ Load operation code into op register. 

@ Load QO code into O register, LCR, and LCRR. |B | 
© Load B field address into BAR. 


@ Load B field address into ARR for decimal 
instructions. 


Load A field address into AAR. py 


To perform two-address instructions, you must 
know: 


1. What operation. 
2. Location of the fields. 


3 Length of the fields and any special con- 
sideration that must be given them. 


I-cycles are used to load the various controlling 
registers with this information. 


First, an l-op cycle transfers the operation code 
from main storage to the op register. For two- 
address instructions, the OQ code generally con- 
tains the length count for the fields. The only 
exception to this is the move hex character oper- 
ation in which the QO code controls the data flow. 
Difference in Q code use are covered under the 
individual operations. However, in all cases an 
|-O cycle loads the QO code into the Q register, 
the LCR, and the LCRR. 


I-H1 and I-L1 cycles load the B field address into 
the BAR. For decimal instructions, the B field 
address is also loaded into the ARR. If indexing 
is used, a single |-X1 cycle replaces the I-H1 and 
I-L1 cycles. 


I-H2 and !-L2 cycles load the A field address into 
the AAR. The A field address can also be indexed 
by replacing the I-H2 and I-L2 cycles with a single 
I-X2 cycle. 


1-L1 cycle 


|-H2 cycle 


1-X2 cycle 
1-L2 cycle 


Execution 
Cycles 
(see page 5-14) 


*Indexing is described on page 5-10. 


1-Op Cycle 
@ Load op code into op register 
@ Increment instruction address register 


@ Load CR to CRR 







The first step in an l-op cycle, as in all cycles, is 
to address the storage location to be used during 
that cycle. The contents of the [AR are trans- 
ferred to SAR and a storage fetch cycle started. 


Load SAR 











Sel IAR 


The two-byte IAR is incremented in parallel with 
the storage fetch operation. The IAR is trans- 
ferred through the aux B register and incremented 
by +1 in aux ALU (aux ALU carry in active) GB ; 


Aux ALU Ctrl ABC = 000 


Aux ALU Carry In 


IAR Selected 


Write ISR Hi and Lo 


At clock 3 time the operation register byte is 
read from storage and transferred through aux 
ALU and stored in the op register. 












Main 
Storage 


Aux ALU Ctri ABC=010 


Load Op Reg 


Load Aux B Reg 







1-O Cycle 


@ Load O code into QO register and: (1) length count 
register (LCR) and length count recall register 
(LCRR), or (2) data recall register 


@ Increment instruction address register 
The |-Q cycle is the same as an l-op cycle, except 
that the O code byte is stored in the LCR, the 


LCRR, and the O register. Gi 


The IAR is incremented in the same manner as 
for an l-op cycle. (3 















Main 
Storage 


Aux ALU Ctrl ABC=010 


Write LSR Hi and Lo 






Select DRR and LCR 


Select PSR (LCRR) 


Load QO Reg 
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|-Op and 1-O Cycles 


Address Storage 
and Modify |AR 









KL101 


Activate 'IAR 
sel’ 


Clk ODE 


Activate ‘load 
SAR’ 






KC142 










Addr 
translate 
active 





Yes 




















Cik ODE ABi01 
Clk OCD-2 AB141 
Activate aux 
ALU carry in 
Aux ALU ctrl ABC ee Aux ALU out 
= 000 with carry in =B+1 ((LAR +1) 
KL111 


Write IAR hi 
and lo 





Address 
storage 





Store condition 
reg in CRR 


Clk 1&2 KG131 
Activate ‘gate 
CR to A’ 

Clik 2 KL101 
Activate “PSH 
select’ 

Cik even not 0 AVI32 


Load ALU 


Clk 2D KL111 


Write LSR lo 


Place op code in 
op reg 







SDBO to aux 
ALU 


Activate ‘load Op 
reg’; Gate aux 
ALU out to op reg 







1-Q cycle 
Address storage 
and modify |AR 


Clk 0-1 
4CD-5 


Activate ‘IAR 
sel’ 


Clk 9-0. 
4D-B5 
Activate ‘load 
SAR’ 


KL101 


KC142 






Addr 
transiate 
active 






Yes 







Clk 9-0 


4D-5B AB101 
Select xlate reg Load aux B 
reg 
Cik OCD-2 
4cD-5 AB141 





Activate aux 

ALU carry in 
AuxALUctriABC | | Aux ALU out 
=000 with carry in B+1({AR +1) 


Clk 1 
5 


Address 
storage 


KL111 
Write |AR hi 
and lo 













Place Q Code 
in LSR’s; CR 
in CRR if branch 








Branch 
or jump 
instr 















AB101 


Gate CR bits 2-7 
to aux B reg 


Cik 2CD ! 
6CD AB101 


Activate ‘load aux 
B reg’ 


7-8 AB141 


Activate aux ALU ctrl 
ABC(AND function 






















Op bits 
(O and 1) or 
(2 and 3) 


single 
Y 
a ae 


2 a) 


format No 








Clk 3 
8 






Activate ‘sel 
PSR’ 






8 KL121 
Activate 'LCR or 
DRR sel’ 






Cik 3 
8 KL111 


Activate ‘LSR 
write lo and hi 






Load QO register, 
determine next 
cycle to be taken 


End !-Q cycle 









Clk 3 
70 AB101 


SDBO to aux 
ALU 


Activate ‘load Q 
reg; Gate aux ALU 
out to Q reg 












1/O instr 
with (not) channel 
in 1/O cond B 






1. Busy 
2. Parity check 
3. Attention 

4. Inv DA 














instr with (not) 
channel in 1/O 


Activate ‘program 
intlk’ 










‘Prog intlk is 
deactivated 

if itis 
active 













Op bits 
0,1, 2,3 
present 


Yes 






Analyze op code 
bits 0 to 3 







3o0f 4 
bits present 





Page 
5-8 

5-12 
5-63 






Single 
Address 






Instruction 














Op bits 
( O and 1) or 


Vand 7 


ve ONG Gy 








Op bit Oor 1 





Take I-X cycle 


Page 
5-12 





5-4 


1-Op and 1-O Cycles 


Wart or Alter Disp ATT-PMR 


Fast | Cycle 


System Reset 


Wait State 


System Reset a 


1/0 Biock SOR 


Wait State 





Clock 9-0 


Alter or Disp ATT-PMR 


Dummy Half Cycles 


1O Not CE Test 


Channel Inhibit LSR Load 


Idie Time 


Aor B Reg Chk 


LSR to AorB 


1O Cycle 


1-OP Cycle 


(not) EB Cycle 
(not) Alter SAR or Storage A 
Cl 3and4 
1}O Not CE ro 


Cl 5 and6 


Gate LSR LowtoB 


Gate LSR High to B 





(not) Invalid Address 


Gate SDR to B 








KG141 Main Storage 


Test Mode 


Fast | Cycle 


IR Skip True 





Fast | Cycle 







Bin Sub Gate 


Odd CD Clk 


(not) Dummy Half Cycles 


tX Cycle ae A 


Fast4CD to 6 


a 


Clock 4D-5B 












Load SAR 


Fast | Cycle 





Branch or Jump [Q Cycle 


Carry 














A seks 
Clock 2-3 
A 
Clock 7/8-O0CD 
Carry In 
Clock D- 
ock 4CD-6 é 
A 
Fast | Cycle T 
Clock OCD-2 A 
AB141 
16 + 2P 
A 
wok ia Es LSR Write High 
fea 
Clock 3.01 3 c. 
KL111 
Glock Tor 5S A A LSR Write Low , 
10 Cycle 
KL111 

Clock 3 or 8 m 


Bin Comp A Reg 


Bo Aux ALU 
Cc 


See Tersi-Te) 


PSR 





Gating 


lols] 2]s] 4[s]e] 7] of sf 2] 3] 4] se]? | 





(LCRR) 


fort} 2/3] 4] 5] 6} 7] of tf 2t 3} 4] sf 6]? | 














Gate CRtoA 


! Op Cycle 







Ci1-2 








Force Bit 7to A Cl 5and6 


KG141 


Bin Compl A Reg 

















Load SAR 


IAR Seld 


PSR Select 


(not) |R Program Backup 






Cl 20r6 


1/O Not CE Test 







Fast | Cycle 


CE Test No Increm 


Odd CD 


FL aes) Fast | Cycle 






KY121 


Not Dummy Cycle 
10 Cycle 
Branch or Jump 
Clk 2CD or 6CD 






toad Op Reg 


Fast | Cycle 


Load O Reg 









LCR and DRR Seld 


KL121 


Cl3o0r8 
10 Cycle 





KL101 
(not) LSR Display Gate 











KD141 


Clock 4CD-5 


Clock 3 





iQ Cycie 





Clock 7-8 






Dummy Half Cycles 


| Op Cycle 


(not) Dummy Half Cycles 


1Q Cycle 
2 Address Format 





CPU Instructions 


| Op Cycle 


Ci 3 










Idle Time 


5415 TMD 


Normal Display 


Dummy Half Cycle 







5-5 


!-Op and !-O Cycles 


One Add Inst 
ne ress r HPL, APL, I/O Instr 


Two Address Instr a. 8 
| Command Instr | Cc iagnostic Mo ees 
1-Op 10 


1-O 


p Dummy 10 Dummy 
es led eee ae ele alae lees eee 
IAR Select aay 


era an 
a ae Ca se 
Load SAR 
BSM Select 
PSR Select 
LCR, DRR Select ao 
Load LSR H epitate L Hand Ll Hand Lt H ont L 
Load Op Reg 
Load O Reg 
CR = 
Prog Intik Lth Set or Reset 
Branch Skip True 
Allow 1/2 Cycle Adv 
Op End eal 


Reset 
Branch Skip 
| = 
Set/Reset 
ALU 
CR 

A Reg In 

B Reg In 

Load A, B Reg 

Bin Comp A 





Bin Sub A 

Load ALU 

ALU Out CR 

Aux ALU | | | | 

eB CR if 

A in (SDBO) Branch Skip Branch Skip 
IAR 

Aux B Reg In Instr 


Load Aux B Reg 
Aux ALU Ctrl A 
B 
Cc 
Carry In 


ALU Out 





The following cycle, I-L1, stores the second byte 
in the low-order position of the BAR. For decimal 
instructions, the bytes are also stored in the ARR. 


1-H and I-L Cycles 


@ Load B address register except during load 
address instruction. 
@ Load selected index register for load address 1-H2 and I-L2 Cycles 


instruction. 
1-H2 and 1-L2 cycles are the same as |-H1 and 


@ Load A address register for second address. |-L1 cycles except the address bytes are stored 









































in the AAR. 
@ Load address recall register for branch or 
decimal instructions. 
Write LSR Hi (1H cycles) Write LSR Lo (IL cycles) 
I-H1 and I-L1 cycles are the same as the I-op and ————S ana ie 
1-O cycles except that the data bytes, B field v 
address, are stored in the BAR. During the I-H1 
cycle, the first byte is stored in the high order Select BAR LSR 
position of the BAR. 
|-H1 |-H2 I-L2 1-H2 (preceded by |-X1) |-L2 (followed by dummy cycle) 
1 2 3 4 4 6 
i 1 bl 
Load SAR 
BSM Select 
BAR Select H1 Li (no LA a — 
XR Select XR1, XR2 XR1, XR2 ia 1 Se only) 
ud L1 (Dec, BC, TIO, ITC only! 
AAR Seiect | | 
ha donee H a H and L L H aa H : H age 7 
LSR Intchg Pulse (Branch skip tue) 
1 Cycle End | 
Op End (LA, BC, ae 
(1L1, 1 Add tormat or 1L2) 
Allow 1/2 Cycle Adv ! 
Old ALU 
Bin Comp A 





Bin Sub Gote es as Ia eA wei eae eed HSS See eae ee ed 


Aux ALU 
Aln 
Aux B Reg In 


IAR nBR 
Load Aux B Rea ele a 





SDR SOR 


IAR +1 IAR +1 SDR 
Settee 
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Aux ALU Ctrl A 


B 








Cc 





Carry In 


ALU Out ber 








I-H and !-L Cycles 








Refer to Page 5-4 point 


[A>to determine 


which type of cycle to 


|-H and I-L cycle Cs) 


ah take after 1-Q cycle 
5-12 — —— 
Address Storage 
and modify tAR Clk O-1 
4CD-5 KL101 
Activate '|IAR 
sel’ 
Clk 9-0 
4D-5A KC142 
Activate ‘load 
SAR’ 








Addr 
translate 
active Clk 9-0 


Yes 





4D-5B AB101 
Load aux B 
Select xlate reg reg 










Clik OCD-2 
4CD-5 AB141 


Activate ‘aux 
ALU carry in’ 


Aux ALU out 
B+1 (IAR+ 1) 










5 KL111 


Write [AR 
hi and low 


Address storage 


See note for format. 
Branch, test !/O and 
branch, or load address 
operations end after 


Load Register. 
High-Order position 
in 1-H Cycles, 
Low-Order position 
in l-L Cycles. 


I-L1 cycle. Otherwise, 
proceed to specific 
operation flowcharts 
after completing | cycles. 





















Clk 3 No (I-H2, I-L2) she 
8 KL121 a Yes 
; address 
Activate ‘AAR y 
instr 
Select’ 
KL121 
Activate ’XR1 
sel’ or ‘XR2 sel’ 
Clk 3 


Branch 
or decimal! 


7 
SDBO to Aux 
ALU 


instr 


KL101 


Activate ‘ARR 
select’ 


Activate ’BAR 
select’ 





No (I-L cycle) 


Clk 3 Yes Clk 3 
8 KL111 8 KL111 


Activate ‘write Activate ‘write 
LSR hi’ LSR lo’ 





END OF OPERATION 




















Branch 
or test 1/O and 
branch instruc: 


Load address 


instruction 
Turn on ‘op end’ trigger 
KL101 


Activate ‘LSR 
write high’ 


Yes 


No 










Take I-L1 cycle 


{ Op bits (0 and 1) or 
(2 and 3) 
Single- 
9 Yes 


address 


Op bit 2 
or 
Op bit 3 


Take i-H2 cycle 


Yes Branch 


imstruction 


Branch 
condition 
satisfied 


Take t-X2 cycle 


Page 5-12 _-_— 





Load address 
instruction 


Clk 8 


Activate 'LSR intchg 
pulse’ (page 2-39) 










Tested during |-Q 
cycle. Activates 
Branch -skip true 
FL. (page 2-39) 
KD151 






Note: Format for single address instruction 
is: $-H1 and I-L1 cycles or I-X1 cycle. 
Second address requires. |-H2 and |-L2 
cycles or I-X2 cycle 


End of I-cycles 


5-8 


1-H and I-L Cycles Clock 5 and 6 

Wait or Alter-Disp ATT-PMR 
Fast | Cycle 
System Reset 

Inhibit SDR Transfer Clock 7 and8 

EB Cycle 
EB Cycle - 
lock 3 4 
(not) Recompl Cycle {not} Cloc a Clock 1 and 2 


Alter SAR or Storage 
Wait State 1/O Block SDR 




































Gate LSR Lo toB 





Gate LSR Hi toB 






Gate SDR to B 





KG141 


19) 
o 
2i 
[Sha 
gi 
5) 
S 













(eTeI=[eTs-Te) 
























System Reset Invalid Address x Rea! 
1/0 Not CE Test 
KG141 
Force bit 7 to A (not) IR Program Backup CE Test No Increment 
Fast | Cycle Clock 5and 6 
Bin Sub Gate KG141 
Clock 3C to 5C jn 
ee Bin Comp! A Reg Fast i Cycie 
Main FL Odd CD 
Storage 
Clock 7-OCD (not) Dummy Half Cycles ir | 
KY121 (Load Aux B Reg) Load SAR 
Clock 2-3 |X Cycte 
Fast 4CD to 6 
Cl4D-5B 
Load SAR i 
Phase DE Fast | Cycie 
Branch or Jump iO Cycle 
Alter or Disp ATT-PMR 1/O Not CE Test 
KC142 
Clock 9-0 A 
Channel Inhibit LSR Load 
Wait State Clock 4CD-6 Dummy Half Cycles 
Idle Time 
Fast | Cycte A or B Reg Chk 
A 
Clock OCD-2 LSRtoAorB 
Clock 4CD-5 
A 
Clock 0-1 | 
Et ‘i IAR Select 1AR (hi) !AR (lo) 
A Fast | Cycl 1L1 Cycle 
—— fof sf 2] 3p 4] 5] ef 7] of +f 2] 3] 4tsfe]7 | ; 
ts | be IL2 Cycle 
: Clock 8 IH14 Cycle 
LSR Write Hi a 
A 
A IH2 Cycle 
LSR Display Gate Clock 3 
N Clock 1 or 5 
Clock 3or 8 A AAR Select AAR (hi) AAR (lo) " 
IX2+1L2+1H2 
of 1] 2] 3] af se] 7] of +] 2] 3] [5] 6]? | 
KL121 
LA Instr 
Clock 3 or 8 
BAR Select i 
1X1 +1L1+ 1H1 BAR (hi) BAR (lo) 
neuen fof +] 2] 3] 4[s]e] 7] of 1} 2] 3] 4] sf 6] 7 | IH Cycle 
Dummy Half Cycles nN KL121 IH2 Cycle 
{L1 Cycte 
LSR Write Lo A IL2 Cycle 
Normal Display Clock 1 or 5 
_ ~ Clock 3 or 8 
A 1X1 +4L1+ 1H1 {L1 Cycle 
ARR Select : 
(die Time Glock 30° 8 7 ARR (hi) ARR (lo) A 
Inst 
EC instr ofa] 2] 3] 4[s] 6] 7] of +f 2] 3] 4] sel? eae 
Dec Instr 


Branch on TIO Instr 
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Indexing (I-X Cycles Part 1 of 4) 


@ Asingle byte from the instruction is added to 
two bytes fron an index register to create a 
new storage address. 


@ This new address is loaded into the B Address 
Register. 


@ This index cycle does not change the instruc- 
tion byte or the address in the index register. 
If either is to be changed, an additional CPU 
instruction is required. 


The need for |-X cycles is determined by the bit 
structure of bits 0 through 3 of the operation regis- 
ter. An I-X1 cycle results from the presence of 
either bit 0 or bit 1, but not both; an I-X2 cycle 
from either bit 2 or 3, but not both. The bit that 
is present also determines the index register used. 


Operation Index 
Register Register 
Bit Selected 


Instruction 
Format 


B Address Register 
Contains: 


Two bytes from 
storage unchanged 


One byte from 
storage added to 
address from XR1 


Address 


One byte from 
storage added to 
address from XR2 





Instruction Op Bits 


B Address Register 


Contains: 


Two bytes from 
storage unchanged 


One byte from storage 
Address added to address from 
(nonbranch) 

One byte from storage 


added to address from 


One byte from storage 
Address added to address from 
(branch) 

One byte from storage 


added to address from 


A Address Register 
Contains: 


Two bytes from storage unchanged 
One byte from storage added to 
address from XR1 

One byte from storage added to 
address from XR2 

Two bytes from storage unchanged 
One byte from storage added to 
address from XR1 

One byte from storage added to 
address from XR2 

Two bytes from storage unchanged 
One byte from storage added to 
address from XR1 

One byte from storage added to 
address from XR2 


—_—_—_—_—_— 
Ctri ABC = 0006 





During I-X cycles the IAR is selected and loaded 
into the SAR ¢n the same manner as for other 
instruction cycles. A storage fetch cycle is started 
and the B field address fetched from storage. 


The two-byte IAR is incremented in parallel with 
the storage fetch operation. When the IAR is 
gated to SAR it is also transferred through the 
aux B register and incremented by +1 in the aux 
ALU (aux ALU carry in active) 








Aux ALU 


Aux ALU Carry In 






Write LSR Hi and Lo 






x 






1AR Selected 


The selected index register (XR1 or XR2) is trans- 
ferred to the aux B register (right side of aux ALU). 
The B field address is read from storage and enters 
the left side of the aux ALU. The index register 
and the B field address are then added in the aux 
a.u fj 









Main 
Storage 





Aux ALU 
Ctri A (add) 







XR1 or XR2 
Selected 
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The aux ALU output is written into the low- and 
high-order positions of the BAR 


Write LSR Hi and Lo 


BAR Selected 


If the operation is a decimal or branch operation, 
the results are also stored in the ARR. An I-X2 
cycle operation is the same as a |-X1 except the 
results are wirtten in the AAR. 


Indexing (1-X Cycles) 


1-X2 Dummy 


aaa ee ear nee atl at 


ieee eee en 
H and L Hand L 
z_ 
Bin Comp A 


sree ee et ea ee fe) 









IAR Select 
Load SAR 
BSM Select 
Index Reg Select 
BAR 

AAR 

ARR 

Load LSR 
LSR tntchg 
| Cycle End 
Op End 


Allow 1/2 Cycle Adv 


Old ALU 


Aux ALU 


A In (SDBO) 


Aux B Reg In XR1 or XR2 


XR1 or XR2 


Load Aux B Reg 
Aux ALU Ctrl A 
B 
Cc 
Carry In 


ALU Out 
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Indexing (IX Cycles) 













Refer to page 5-4 


point [A> to 


determine which 


|X Cycle 











Page type of cycle to take 

after 1-Q le 
5-4 ae Load Selected 
5-8 a ott eh Se register 


Address Storage 
and Modify |AR 










proceed to specific op- 
eration flow charts 


4CD-5 KL101 | See note for format 
Activate ‘IAR | Branch test !/O and 
select’ | branch, or load address 
| operations end after 
Clk 9-0 | |-X1 Cycle. Otherwise 
4D-5A KC142 | 
| 


Activate ‘load 
SAR’ 


after completing | 
cycles. 


Addr 
translate 
active Cik 9-0 


4D -5B AB101 
No Load aux B 
Select xlate reg reg 
Cik OCD-2 
4cD-5 AB141 


Activate ‘aux 
ALU carry in’ 
Aux ALU out 
B+1(IAR + 1) 


Cik 1 
5 KLi11 


Activate ‘LSR 
write hi and !o 


Address storage 


Clk 3 










8 KL121 


Activate 'XR1 sel’ 
or 'XR2 sel’ 


Cik 3 
8 KL111 
Activate 'LSR 
write hi and lo’ 


(1-X2 cycle) No 









Branch or 
TIO and 
branch instr 











Single 
address 
instr 


Yes 
Load 
address 
instr 










Clk 2 KD131 


Cik 2CD 
7CD AB101 


XR1 for op bit 3 
XR2 for op bit 2 





Single 
address 
instr 











No 










Activate ‘bin comp A | 
reg’ and ‘bin sub gate 
(not) bit 0 or op | 
bit 3 (not) 2. | 
Cik 2-3 (not) bit 1 or op | 
7-8 AB141 bit 2 (not) 3 
Op 
bit 2 or 
. 
Load 
address 


Yes 


XR1 for op bit 1 
SDBO to aux 
ALU XR2 for op bit 0 
Activate ‘aux Yes 
ALU ctrl A ‘(add) 
op bit 3 
instr 


No (1X2 Cycle) 
8 KL121 


Activate ‘AAR 
sel’ 





Activate "BAR 
sel’ 


Take |-H2 cycle 
















FC 
Dec, Branch 
or TIO 
instr 
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Activate ‘ARR 
sel’ 





No 


Yes 
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(1-X2 cycle) 


No 











Load 
address 
instr 


No 


Branch 







condition 
satisfied 


Yes 


Clk 8 KD151 


Activate ‘LSR 
intchg pulse’ 


End of I cycles 


End of operation 





Note: Format for single address instruction 
is }H1 and 1L1 cycles or 1X1 cycle. Second 
address requires |[H2 and IL 2 cycles or 

1X2 cycle. 


Indexing (1X Cycles) 


Inhibit SDR Transfer 
EB Cycle 


(not) Recompl Cycle 


Wait State 


System Reset 


Alter or Disp ATT-PMR 
Clock 9-0 


Wait State 


(X2 Cycle 
Op Bit 3 
Clock 2or 7 


1X1 or 1L1 of (HI 
Clock 3ar8 

LA Instr 

Q Bit 7 


LSR Display Gate 


(X1 Cycle 
Clock 2 
en 


LSR Display Gate 


Op Bit O 





Clock 5 and6 


Wait or Alter-Disp ATT-PMR 
Fast | Cycle 


System Reset 


Clock 7 and8 
EB Cycle 
Clock 1 and 2 

(not) Cl 30r4 Gate SDR 

Alter SAR or Storage to B 

1/0 Block SDR 


Invalid Address 


KG141 
Main 
Storage 


Clock 2-3 


Clock 7/8-0CD 





Load 


| . 
Clock 4D-5B SAR 


Phase DE 















KC142 






| 
| 


| | A 
= 


= 


KL121 


Sel XR2 Gate 


H 
Dummy Half Cycle Clock 4CD-5 


Clock 0-1 [| 


Idle Time 


Normal Display 
N 





Gate LSR Lo to B 


Gate LSR Hi toB 








A 
KG141 
(X Cycle 
KY121 
{not) Dummy Half Cycles 
se 
ix vee is a 
E AB141 
ee 
Fast | Cycle as c Aux ALU 
ied AB141 Carry 
A 
Branch or Jump IO Cycle ae 
Clock 4CD-6 
A 
Fast | Cycle [ 
Clock OCD -2 
AB141 
Select XR1 
1X2 Cycle 
Op Bit 2 
Clock 2 or 7 A 
1X1 or 1L1 or {H1 | | 
Clock 3 or 8 Zz 
LA Instr | | ‘ Select XR2 
O Bit 6 eel 
, 
{1X1 Cycle rs 
Clock 2 H 


LSR Display Gate KL121 
Fast | Cycle 
Select [AR 
KL101 

FC Instr 

Dec Instr 

Branch or T1O Instr 
Select ARR 


N 
1X1 or tL4 or 1H1 A 


Clock 3 or 8 
KL101 











zg” 
SPST} 
FEEEEEEE 





Bin Sub Gate Bin Compl A Reg 












JAR (low) 


IAR (high) 


jo} +] 2] 3] 4] 8] 6] 7] of 1} 2] 3} 4] 5] 647 | 


XR1 (high) XR1 (low) 


fof 1} 2/3] 4] 5] 6] 7] of sf 243] 4] 5] 6]? | 


XR2 (high) XR2 (low) 


fol sf qs] 4]sfef 7] of i] ats} a] ste]? | 


AAR (high) AAR {low} 


ols] 2f sf {sf ey 7] of +] 2] sf 4fs]6]7 | 


BAR (high} BAR (low) 


fof sf 2f stats] s] 7] of +] 2] sf 4] s] 6] 7] 


ARR (high) ARR (low) 


fol] 2]sisisie] 7] of +f 2] sf] ste]? | 







cts 






1 Address Branch 
(X1 or IL1 Cycle 










Op-End 





KD131 
Fast | Cycle 
FL Odd CD Clock 
| KY121 
x 
1/O Not CE Test 
A 
Chan tnhibit LSR Load 
Dummy Half Cycles 
Idle Time 
Aor B Reg Chk 
* LSR to Aor B 
Clock 1 or 5 
A 
LSR Write Hi Gate 
Clock 30r 8 
Clock 1 or 5 
1X1 Cycle 
R Wri 
LSR Write Lo Gate — “i 1X2 Cycle 
A 
Clock 3o0r 8 
KL111 
1X2 or 1L2 or JH2 
Select AAR z Clock 3 or 8 
LSR Display Gate 
KL121 
1X1 or 1L1 of 1H1 . ; 
Select BAR Clock 3018 
a LA Inst 
m A tnst 
KL121 LSR Display Gate 
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Execution Cycles 


Because only one byte at a time can be removed 
from or placed into main storage, two cycles per 
byte are required when controlling data between 
two different storage locations. During the A- 
cycle, the A field byte is removed from storage 
and retained. The B-cycle is then used to remove 
the B field byte from storage and, depending upon 
the particular operation, to determine what to do 
with each byte. 


A-Cycle 


Because the A-cycle data flow is the same, regard- 
less of the operation, it can be covered as a separ- 
ate topic. Some operations require the condition 
register to be reset to equal during the first A- 
cycle and some require the use of sign control for 
the A field character, but the basic data flow re- 
mains the same. 


e Store A field byte in DRR. 


The first step in an A-cycle, as in all cycles, is to 

’ address the storage location to be used during that 
~ cycle. At clock 0 time, the contents of the AAR 
are transferred to the SAR in the same manner 
that the [AR was transferred. 


No data is transferred during clock 1 and 2 times 

as the CPU waits for the data to be read from storage 
and enter the FDR. During clock 3 and 4 times, 

the byte is transferred through the B register and 
ALU and stored in the DRR. 


Main B 
Storage Register 


Gate SDR to B 










Select DRR and LCR 


LSR Write Lo (DRR) 


The rest of the cycle is then used to decrement the 
AAR so that the next position of the A field can 
be addressed if necessary. The example below 
shows that a 1 is subtracted from the AAR. Two 
steps are required because of the possibility of a 
carry from the low-order to the high-order position 


Gate LSR LotoB 









B 
Register 







A 
Register 









Miscellaneous 
Bit 7to A 


Binary Subtract 


Select AAR 


LSR Write Lo 


Step 1 






Gate LSR HitoB 


B 
Register 
NE = Subtract 


Select AAR 








LSR Write High 


Step 2 


B-Cycle 


The B-cycle operation is covered under the indi- 
vidual operations descriptions that follow. 
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Add Logical Characters—ALC 


Bits 01234567 
Op Code xx x x 1110 
e Binary add A field to B field data. 


e Aand B fields are the same length (Q code 
plus 1). 


The add logical characters operation adds the A 
field data, one byte at a time, to the B field data. 
The entire A field byte (bits 7 through QO) is binary 
added to the B field byte. The operation begins 
with the low order position of each field and con- 
tinues until the high order position is reached. 
Both fields are the same length, which is 1 more 
than the Q code. 


The CPU performs the add logical characters oper- 
ation with a series of A- and B-cycles. First an A- 
cycle removes the first A field byte from storage 
and retains it in the ORR. Then a B-cycle removes 
the first B field byte from storage, adds it to the 

A field byte, and stores the result in the B field 
units location. The next A field byte is then add- 
ed to the second B field byte through the same 
process, and so on to the end of the field. 


After the first A field byte has been stored in the 
DRR and the AAR has been decremented (refer 
to A-cycle), the CPU enters a B-cycle. The 

BAR is selected and loaded into the SAR in the 
same manner that the |AR was transferred. 


The B field units byte is read from storage and is 
loaded into the B register. The A field byte is 
transferred from the DRR to the A register and 
the two bytes are binary added in the ALU. The 
result is then stored into the B field units storage 
location. 





Gate SDR to B 


B 
Register 
Main 
Storage 
CR 
Select DRR and LCR LSR LSR 


Hi Lo 


The BAR is then decremented in the same manner 
that the AAR was decremented. The O register is 
tested to see if the end of the field has been reached 
(blank QO register). If the Q register is not blank, 
the CPU takes another A-cycle and another B-cycle 
to add the next characters; if the OQ register is 
blank, the ‘op-end’ trigger is turned on and the 
operation ends. 


During clock 1 and 2 of each B-cycle, except for 
the first, the LCR is decremented. 


Miscellaneous Bit 7 to A (not 1st B-cycle) 


Gate LSR Hi to B (LCR) 


B A 
Register Register 


; Load O Register 
Binary Subtract 


Q 
Register 


LSR 
Lo 


Select DRR and LCR 


LSR Write Hi (LCR) 


Gate LSR Lo Normal to A (DRR} 


A 
Register 


Binary Complement 
A Register 


Binary Subtract 


The LCR contains the field length which was 
stored there during the !-O cycle. The result, 
which is tatched into the ALU at clock 2CD time, 
is loaded into the QO register at clock 3 time. By 
not decrementing the LCR on the first B-cycle, 
the field length becomes 1 more than the O code. 


An additional function of the add logical charac- 
ters operation is to set the condition register. 


Binary 


Equal Low High Overflow 


Result No Carry Carry and Result too 


is zero. andnon- non-zero _ large for 
zero re- result field (no 
sult high order 
carry) 


During clock 1 and 2 of the first B-cycle of the 
operation, the condition register is reset to equal. 
During each B-cycle, after computing the A and 
B field data at clock 3 and 4 time, the ALU out- 
put is sampled. If the ALU output is all zeros, 
the condition register remains set to equal. How- 
ever, if an ALU output occurs during any B-cycle 
the result can no longer be equal and the equal 
condition is reset. 


Once the equal condition has been reset the final 
high or low setting of the condition register is not 
determined until the last B-cycle of the operation. 


In the meantime, because of the machine circuitry, 


a CR high condition will be indicated. During the 
last B-cycle (OQ register all zeros) if a carry results 

from the computation, the CR is set to low; if no 
carry occurs the condition register remains set to 

high. 


If there is no carry from the high order position, 
the CR binary overflow condition is also set. This 
is an indication that the result is too large to be 
contained in the B field. 


Subtract Logical Characters—SLC 


Bits 01234567 

Op Code xxx x 1111 

e@ Binary subtract A field characters from B field 
characters. 


e Aand B fields are the same iength (O code plus 
1). 


The subtract logical characters operation is the 
same as the add logical characters operation ex- 
cept that the A field data is subtracted from the 
B field data. 


Gate SDR to B 


B 


Register 





Main 
Storage 







Select DRR and LCR LSR LSR 
Lo 


The condition register is set as shown: 


Equal Low High 
AandB Btieldis B field is 
fields are lower than higher than 
equal A field A field 


Although the settings have a different significance, 
the CR is set in the same manner as in the add logi- 
cal characters Operation, except the binary over- 
flow is not set on. 


Gate LSR Lo Normal to A (DRR) 


A 
Register 


Binary Subtract 
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Compare Logical Characters—CLC 


Bits 0 
x 


1234567 
Op Code x x x 1101 
@ Compare A field data to B field data. 


e Aand B fields are the same length (Q code 
plus 1). 


During the compare logical characters operation, 
the CPU compares the two fields by binary sub- 
tracting the A field data from the B field data. 
The operation is the same as a subtract logical 
operation except that the results are not entered 
into storage. 


Gate SDR to B Gate LSR Lo Normal to A (DRR) 
B A 
Register Register 
Main 
Storage 


Binary Subtract 


CR 






LSR 
Lo 


Select DRR and LCR 


The A and B fields remain unchanged by the 
operation, and the ALU results are used merely 
to set the condition register: 


Equal Low High 
AandB B field is B field is 
fields are lower than higher than 
equal A field A field 


Move Characters—MVC 


Bits 01234567 
Op Code xx x x 1100 
e Move A field characters to B field location. 


e Aand B fields are the same length (Q code 
plus 1). 


The move characters operation moves the A field 
data, one byte at a time, into the B field location. 
The operation begins with the low-order position 
of each field and continues through the high order 
position. 


The operation is the same as add logical characters 
(previous page), except that the B field character 


is not loaded into the B register. 


Gate LSR Lo Normal to A (DRR) 


A 
Register 
Main BSM Write 
Storage Binary Complement A Register 
ALU 
Binary Subtract 
LSR LSR 
Select DRR and LCR Hi 
Se eS fi i Lo 


When the B register is blank, the operation is the 
same as adding the A field to zero. 


The AAR, the BAR, and the LCR are decremented 
the same way and the operation ends in the same 
manner (Q register all zeros). However, the condi- 
tion register setting is not changed. 
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Move Characters or Compare, Add, or Subtract 
Logical Chdracters 


Objectives: 

1. Move Characters 
Bits 01234567 
Op Code x x x x 1100 


e Move the contents of the A field to the B 
field. 


. Compare Logical Characters 


Bits 01234567 
Op Code x x x x 1710 1 
e@ Compare the A field data with the B field 
data. 
Add Logical Characters . 
Bits 01234567 
Op Code xx x x 111 ~0 


e Binary add the A field data to the B field 
data and store results in B field location. 


Subtract Logical Characters 
Bits 01234567 
Op Code xxx x 1111 
e Binary subtract the A field data from the B 
field data and store results in B field location. 


All Operations 


e Aand B fields are same length. 

e Length of field is Q code plus 1. 

e Set condition register except during move 
operation. 













MOVE, COMPARE 
AOD, SUBTRACT 
LOGICAL 


Clock O 





Address A address 
storage location 


KD121 


Activate ‘1st E cycle’ 


RN131 


Op code activates 


‘store data group’ 





Activate “EA cycle’ 


KL121 


Activate ‘sel AAR’ 


KC142 


Activate ‘toad SAR’ 









Address translation 
description is on 
Page 2-54 






Select xlate reg 





Address storage 


Clock 3&4 


Store A field data 
in DRR 


KG141 


Activate ‘gate SDR 
to B’ 


KL121 


Activate ‘se! DRR 
and LCR’ 


KL101 


Activate ‘'LSR 
write low’ 





Clock 5&6 


Decrement low 
order of AAR 


Activate ‘sel AAR’ 


Activate ‘gate LSR 
lo to B’ 


Activate ‘misc bit 7 
to A’ 


Activate ‘bin sub 


gate’ 


Activate ‘LSR write 
low’ 





Clock 7&8 


Decrement high 


order of AAR KL121 


Activate ‘sel AAR’ 


KG141 
Activate ‘gate LSR 
hi to B’ 
KY121 
Activate ‘bin sub 
gate’ 
KL101 


Activate ‘LSR write 
high’ 





KD111 


Activate ‘EB cycle’ 


Yes 


Clock 0 
Address B address 
storage location 






Compare operation 





No Ky111 
Activate ‘new data 
to storage’ 


KL121 


Activate ‘sel BAR’ 


KC142 


Activate ‘load SAR’ 


Clock 1 & 2 


Decrement LCR each 
B cycle except first 













B cycle 
No 
Ist B cycle 
KG141 | 
Activate ‘misc bit 7 
to A’ Yes 
Move operation 
Activate ‘CR equal’ 
Activate ‘sel DRR 
and LCR’ 
Activate ‘gate LSR 
hi to B’ 
KY121 
Activate ‘bin sub 
gate’ 
AV 142 KL101 
ALU eat Activate ‘LSR write 
output latched | high’ 
Clock 3&4 
Compute A and B a 
field data and load Li2 
remaining field Actvate ‘sel ORR 
length into Q reg and LCR’ 
KG131 
\ Activate ‘gate LSR 
DRR ; 
I lo normal to A 
fa 
Yes 
r Move operation 








RN121 


Activate ‘inhibit 
SDR transfer’ 


No KG141 


Activate ‘gate SDR 
to B’ 








Clock 5&6 


Decrement low 


set CR 


order of BAR and 






Move 
or add 
operation 






KY121 






Activate ‘bin comp 
A reg’ 


Activate ‘bin sub 
gate’ 


KD141 


clock acd [N° Ke132 


Activate ‘BSM write’ 


Yes 
Move operation ae 
Activate ‘LSR write 
No high’. 
AV142 
Yes 


ALU output blank 


RN111 


Arnith binary carry 






KG111 


Activate ‘CR hi’ 


Activate ‘CR !o0' 







Add Jogical 
characters 
operation 


No 
KL121 


Activate ‘sei BAR’ 
Yesy «G11 


Activate ‘CR bin 
overflow’ 


KG141 


Activate ‘gate LSR 
fo 10 B’ 





Activate ‘mise bit 7 
to A’ 


Activate ‘bin sub 
gate’ 


Activate ‘LSR write 
low’ 


Sen 



















A and B cycles are 
| repeated until QO reg 

| is blank. When QO reg 
| is blank, end of fietd 
| has been reached and 


Clock 7&8 operation 1s ended 


Decrement high 
order of BAR and 
check for blank Q reg 


Activate ‘sel BAR’ 





Activate ‘gate LSR 
hi to B’ 





Activate ‘bin sub 
gate’ 


KY131 


{f computation re- 
sulted in acarry, 
‘digit carry’ 1s acti: 






vated to give ‘arith 


Carry Out’ at next 
clock 3C 5C 











Turn on ‘op end’ 
trigger 












‘Op 
end’ trigger 









END OF 
OPERATION 


Yes KG111 
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Move Characters or Compare, Add, or 
Subtract Logical Characters 


Cl 5 and 6 


Wait or Alter-Disp ATT-PMR 
System Reset 


Fast I-Cycie 


EB Cycle 
(not) Recompl Cycle 
inhibit SDR Transfer 


Wait State 


Cl 1 and 2 KG141 
System Reset 
EB Cycle Gate LSR Hi toB 
Wait or Alter-Diso ATT-PMR Cl 7 and 8 


Fast !-Cycle 
System Reset 


Phase DE 





Alter or Disp ATT - PMR 
Clock 9-0 
Wait State 






(not) Cl 3 and 4 Time 
1/O Block SDR 
Alter SAR or Storage 
Invalid Address 






2 Address Format 
(not) Recomp! Gate 
Q Reg Blank 






Gate LSR LotoB 


> Ny Gate SDR to B 


A 





KG141 





a KG141 
A 


(not) 3C to 5C 
Bin Sub Gate 





Binary Add or Sub Group 













Force Bit 
FtOA 






Bin Compl A Reg 


5-18 
Op Bit 4 
EB Cycle 
Cl 3 and 4 


(not) Zone - Num Interchange 
Recomp! Cycle 


pr (not) Q Num Blank 









Gate LSR Low Normal to A 






EA Eliminate 
Dec Instr 
2 Address Format 


B 


Cl 1 and 2 


on 5 Cl 5 and6 
A 










EB not Ist Cycle 


1/O Cycle Not Test 
CE Test No Incre 
Wait State 
System Reset 
Fast !-Cycle 











(not) IR Prog Backup 











(not) Op Bit 7 





Op Bit 5 












1/0 Not CE Test 





A {Channel Inhibit LSR Load 


lat Aux ALU Out Dummy Half Cycle A or B Reg Chk 
Idle Time A 
Op Bit 4 LSR to Aor B 
Load SAR oe : . . 1L1 Cycle 
RN131 Clock 8 {L2 Cycle 
Clock 2 EB Cycle 
ee Alter SAR Mode 









Sel LCR and DRR 


BSM Write 





, EB Cycle 
Not Op Bit 7 (not) Significant Digit 
= . : New Data to Store LCR 
(not) Edit Instr A 


(not) Test On or Off 


(not) Op Bit 6 
RN131 
(not) Halfword Format 
EA Cycle 
EB Cycle or 
Cl 3 and 4 


(not) LSR Display Gate 


(not) Op Bit 4 
Halfword Format 
One Address Instr 


Store Data Group New 










poli j2}3}ats}el7{ojif2{3ia{s je {7| 





KY111 
cl 4cD A | a 
y Q Reg Blank 

(not) LSR Display Gate cis ; 
(not) Recompl Cycle KC132 =| 
EB Cycle A mAh (high) 
a lofi j2]3}4{sfel7jo}1[2}3]4]5]e]7| 

A es 

KL121 

KL121 






BAR (high) BAR (low) 


jolifa}sta}sfej7jolij2}3}4}s]6] 7 


16 + 2P 





LSR Write Low 










Clock 6 
P | Fast I-Cycle 
fs 
A Clock 4 
EB Cycle 
| jon Alter Display Storage 


Load Q Reg 
EB Cycle 







2 Address Format 
(not} Single EB Cycle Instr 











KD141 
EA Cycle 
AAR Sel Cl! 5 through O 
KL121 
EB Cycle 
BAR Sel 
2s Cl 5 through O 
(not) Recompl Cycle 
KL121 


Move Characters or Compare, Add, or 
Subtract Logical Characters 


Machine Cycle EA EB ALD Reference 


eee ee anal a fol ee Efe eae pe ts pele gee eae abl 
Clock KC122 


Bans 
a 
piiemeie. Wc ee ce es ee sl eee en et las 


Condition Register 


If result is zero If result not zero If result not zero Result too large for field 


and a high order and no high order | (no high order carry) 
carry carry 


Subtract lf A field equals if B field is lower If B field is higher 
B field than A field than A field 


Compare If A field equals If B field is lower If B field is higher 
B field than A field than A field 
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Add or Subtract Zoned Decimal—AZ—SZ 


e Decimal add A field data to B field data for add 
instruction with like signs and subtract instruc- 
tion with unlike signs. 


e@ Decimal subtract A field data from B field data 
for add instruction with unlike signs and sub- 
tract instruction with like signs. 


e@ Signs are in zone portion of low order bytes. 


e Length of A field is a numeric portion of Q 
code plus 1. 


e B field is longer than A field by amount in zone 
portion of QO code. 


Although the add zoned decimal and subtract 
zoned decimal operations have different operation 
codes, the execution of each operation is the same 
depending upon the signs of the two fields. For 
instance, an add instruction with unlike signs for 
the two fields (1 minus and 1 plus) actually sub- 
tracts the A field from the B field. Likewise, a 
subtract instruction with unlike signs actually adds 
the A field to the B field. In either instance, the 
Operations are the same except for the add or sub- 
tract function of the ALU. 


The operations begin with the low order position 
of each field and continue until the high order 
position of the B field is reached. First an A- 
cycle removes the first A field byte from storage 
and retains it in the DRR. Then a B-cycle removes 
the first B field byte from storage, transfers it to 
the B register, and adds or subtracts the registers 
in the ALU. This process continues until the end 
of the A field, which can be shorter than the B 
field, and then B-cycles continue to the end of the 
B field. 


If the result is in true form, nothing more is done 
with it. If the result is in complement form, the 
result must be recomplemented. Results are in 
complement form when: 


e Operation has a subtract function (no A regis- 
ter complement) and the A field is larger than 


the B field. 


e@ Result is minus zero. 


Recomplement begins with the low order position 
of the B field and continues to the high order posi- 
tion. Continuous B-cycles remove the bytes from 

storage and recomplement them in the ALU. 


The numeric portion of the OQ code plus 1 is the 
length of the A field. The B field is longer than 
the A field by the amount in the zone portion of 
the OQ code. 


After an A-cycle has stored the first A field byte 
in the DRR and the AAR has been decremented 
the CPU enters into a B-cycle. During the B-cycle, 
the first B field byte is read from storage and is 
loaded into the B register. The A field byte is 
transferred from the DRR to the A register and, 
depending upon the operation code and the signs 
of the two fields, the two bytes are either decimal 
added or subtracted in the ALU. 


Gate SDR to B Gate LSR Lo Normal to A (DRR) 


B A 
Register Register 


Main 


Carry (1st B-cycle only) 
Storage 


Decimal Subtract 


Decimal Complement A Register 


Like 
CR 
Add Instruction Signs 
- . we et InA 
and B 
Fields 
Select DRR and LCR LSR LSR 
Hi Lo 


Unlike 
Signs 
InA 
and B 
Fields 


Subtract Instruction 
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The result is then stored in the B field storage lo- If the Q register is al! zeros, a check is made to 


cation. determine if the total is in true or complement 
form. If the operation function is decimal sub- 
The BAR is decremented and the O register is tested tract (A register not complemented) and a carry 


to see if the end of the A field (O register numeric 
portion all zeros) or if the end of the B field (OQ 
register all zeros) has been reached. If the numeric 
portion of the O register is not all zeros, the CPU 
takes another A-cycle and another B-cycle to add 
or subtract the next characters. If the numeric 
portion is all zeros but the zone portion still con- 
tains bits, ‘EA eliminate’ is activated to block A- 
cycles and the CPU takes a B-cycle. 


occurs from the high order byte, ‘recomplement 
cycle’ ts activated to start recomplementing. Un- 
der all other conditions, except a minus Zero re- 
sult, the ‘op-end’ trigger is turned on and the oper- 
ation ends. A minus zero result, which is also re- 
complemented, is determined by the CR setting , 
and is discussed later. 


During clock 1 and 2 of each B-cycle, except for 
the first, the LCR is decremented. The LCR con- 
tains the length count that was stored there dur- 
ing the |-O cycle. The result, which Is latched into 
the ALU at 2CD time, is loaded into the QO register 
at clock 3 time. Until the QO register numeric por- 
tion ts all zeros, the LCR is decremented with a 7 
bit; after the numeric portion is all zeros, decre- 
menting is done with a 3 bit. 


Gate LSR Hi to B (LCR) 





B A 
Register Register 










Binary Subtract Load O Register 






Miscellaneous Bit 7 toA 
(not 1st B-cycle) 




















Decode 
Q Numene Miscellaneous Bit 3to A | 
Register Portion (not 1st B-cycle) 


Blank Eliminate A Cycles 


LSR | Select DRR and LCR 
Lo 


LSR Write Hi (LCR) 


Decrementing Length Count—Unequal Length Fields 


Add or Subtract Zoned Decimal (Continued) 


During each A- and B-cycle, ‘sign control’ is acti- 
vated to provide the EBCDIC code for the sign of 
each field. The sign is in bit 0-3 of the first byte 
of each field. EBCDIC sign for minus is 1101 and 
for plus is 1111. The CPU also recognizes the 
ASCII-8 code for minus (1011) but ‘sign control’ 
changes this to EBCDIC. After the first byte of 
each field, ali zone bits (1111) are provided for 
each character. During the first B-cycle, the sign 
of the B-field is entered into storage. 


During clock 1 and 2 of the first A-cycle, the con- 
dition register is reset to equal. Then in the first 
B-cycle, the ‘CR lo/hi’ latch is set by the result 
sign (lo for minus, hi for plus). However, if no 
numeric output occurs from the ALU (all zeros), 
the condition register remains set to equal. If, 
during any B-cycle, a non-zero ALU output occurs, 
the result can no longer be equal and the equal 
condition is reset. The setting of the ‘CR lo/hi’ 
latch is then used to determine the CR setting. 


lf the CR equal condition has not been reset be- 
fore the last B-cycle and the ‘CR to/hi’ latch is set 
to lo (minus) the result is minus zero. All zero 
results are considered plus and ‘recomplement 
cycle’ is activated to recomplement the results. 


If the operation is an add function (decimal com- 
plement A register) and no carry occurs from the 
high order position, the CR decimal overflow con- 
dition is also set. This is an indication that the re- 
sult is too large to be contained in the B field. 
The following chart shows the significance of all 
the CR settings. 


Con- Decimal 
dition Over- 
Register 


ALU Result Result | Result 
result isminus | is plus | too large 
for field 





Recomplement Cycles 


Addressing for recomplement cycles is controlled 
by the ARR which contains the !ow order address 
of the B field (refer to I-H1 and I-L1 cycles). The 
ARR is decremented each recomplement cycle in 
the same manner that the AAR and BAR are de- 
cremented in other operations. 


‘EA eliminate’ is active through the entire recom- 
plement operation causing continuous B-cycles. 
Each byte is read from storage and loaded into the 
B register. 


Gate SDR to B 


Miscellaneous Bit 7 to A (1st recomplernent cycle only) 










B 
Register 







A 
Register 






Main 


Storage Decimal Subtract 









Decimal Complement A Register 





Decimal Complement B Register 


Recomplementing 


The A register has a 1 forced into it on the first 
recomplement cycle and is left with all zeros for 
the remainder of the cycles. Both the A and B 
registers are decimal complemented. 


The length of the field is determined by the LCRR 
which was loaded during the |-O cycle. Decrement- 
ing of the LCRR is the same as for the LCRina 
decimal add or subtract operation. 


The Q register is tested each cycle to see if the end 
of the field has been reached (all zeros in the O 
register). When the O register is all zeros, the ‘op- 
end’ trigger is turned on and the operation ends. 


Because recomplement is necessary only when the 
A field is larger than the B field or the result is 
minus zero, ‘sign control’ is activated to reverse 
the sign of the result. The ‘CR lo/hi’ latch is reset 
on the first cycle and the CR setting is determined 
in the same way as during decimal add or subtract. 


Zero and Add Zoned—ZAZ 


e Decimal add A field data to zeros and place re- 
sult in B field. 


e B field is longer than A field by amount in 
zone portion of the O code. 


The zero and add zoned operation is similar to an 
add zoned decimal operation except the function 
is always add, without consideration of the fields 
signs. Another difference is that the B field char- 
acters are not loaded into the B register. 


Gate LSR Lo Normal to A (DRR) 


A 
Register 


Carry (1st B-cycle only) 


Main BSM Write 
Storage 
Decimal Subtract 
ALU 
Decimal Complement 
A Register 
CR 
Zero and 
Add Zoned 
Select DORR and LCR LSR LSR 
Hi Lo 
Adding 
Characters 


With the B register all O’s, the operation is the same 
as adding the A field to zero. The only other sig- 
nificant difference is that the A field sign is entered 
as the sign of the result instead of the B field sign. 


The address registers and the LCR are decremented 
in the same way. The operation ends in the same 
manner. Recomplementing is not necessary unless 
the result is minus zero. The CR settings are 
shown in the chart below. 


Con- Decimal 
dition Over- 


Register flow 


ALU Result | Result Result 
result is zero | is minus too large 
for field 
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Zero and Add Zoned and Add or Subtract 
Zoned Decimal 





Address translation 
description is on 
page 2-54 


Objectives: 










1. Zero and Add Zoned 
Bits 0 
Op Code x 


on 


Yes 


Address xlate active 
Select xlate reg 
No 


Address storage 


123 4 6 7 

x x x 010 0 

e@ Decimally add A field data to zeros and 
place results in B field location. 


2. Add Zoned Decimal 
Subtract Zoned Decimal 
Bits 0 1 
Op Code x x 
Clock 1& 2 
x xX 


Set condition reg- 


KX &K NO 
x KX W 
oo + 
-~“- = Oo 
- -— DD 
- ON 









ister to equal on 
first cycle 


e Decimally add A field data to B field or 
subtract A field data from B field. 

@ Instruction and signs of fields determine 
add or subtract function. 


KG101 


Clock 3 & 4 
Store A field data 
in DRR 


No 
3. All Operations 





e Length of A field is numeric portion of 
Q code + 1. 

e B field is longer than A field by amount 
in zone portion of O code. 


Activate ‘gate SDR 
to B’ 









Page 5-23 KL121 
ZERO AND ADD ZONED, B fo BR Activate ‘sel DRR 
ADD OR SUBTRACT Bits 0 to 3 of Ist and LCR’ 


ZONED DECIMAL RN131 


byte (1st E cycle) 
contains sign of field. 
Minus is entered into 
DRR as 1101, plus as 
1111. After Ist 









KY101 






Op code activates | 


‘store data group’ 
Clock 0 I 







Activate ‘sign 
control’ 


A cycle 












Se ee 
Address A address bie. alhbyies enter KL101 
storage location with 1111 in digits Activate ‘LSR write 
0to3 low’ 
Yes 
Clock 5&6 
Activate ‘Ist E cycle’ ‘i Decrement low 
oO 
order of AAR 
Activate ‘sel AAR’ 
KD121 


KY121 















Activate ‘EA cycle Activate ‘bin sub Activate ‘gate LSR 
gate’ lo to B’ 
KL121 
KL101 KG141 
Activate ‘sel AAR’ Activate ‘LSR write Activate ‘misc bit 7 
low’ to A’ 
KC142 


Activate ‘load SAR’ 


oO 















KtL121 
“Clock 7&8 
order of AAR No O register KG101 
hi to B’ numeric portion Zero 
KY121 CR jo’ Operation 
gate’ ; ; 
Activate ‘misc bit 7 Activate ‘misc bit 3 AV142 
Se KL101 to A’ to A’ ce. = 
Activate ‘LSR write 1 ALU output latched Add instruc- 
high’ tion with like 
KY121 signs 
Activate ‘bin sub | 
B cycle gate’ | 
Address B address | 
stor location from Ko111 KL101_ Subt. 
BAR during regular KY121 oe 
B cycles: ARR for Clock 3&4 nign Activate ‘decimal 
recomp cycles KY111 comp B reg’ 
; Compute A and B 
field data and load 
Le okOrere remaining field KL121 
length inte Q reg Activate ‘se! DRR Activate ‘dec comp 
and LCR’ A reg’ 





Re- 
complement 
cycle 


No 






Activate ‘ARR seld’ Activate ‘sel BAR’ 

















KC142 
Activate ‘load SAR’ 
Clock 1& 2 
Decrement field 
length count. LCR KG141 
during regular B Activate ‘gate LSR 


cycles: LCRR dur- 
ing recomp 


hi to B’ 


LCRR 







Re- 
complement 
cycle 


Activate ‘sel DRR 
and LCR’ 


Yes \ 
KL1211 





Activate ‘sel PSR’ 
















Ist 
recomplement 
cycle 











complement 


Activate ‘gate SDR 
to B’ 








complement 


recomplement 


Activate ‘misc bit 7 
to A’ 
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KY 121 





Zero ‘| Activate ‘dec sub 
and add Bits 0 to 3 of Ist byte (1st | date’ 
instruction EB cycle) contains sign of 
field. Minus ts entered into L | KY101 


storage as 1101, plus as 
1111. B field sign is enter- 
ed for result: sign is re- 
versed during recomp A 
field sign is entered for 


Activate ‘sign 
control’ 





Re- 
No 


zero and add operation 


cycle 





K0141 


Activate ‘load O reg’ 


KC132 


Activate ‘BSM write’ 


AV142 
ALU output was 


latched at 2CD 









KC132 







‘BSM select’ enters 
data at clock 5 \ 


Re- 





No 


cycle 


Yes 







Ist EA 
eliminate 


active 





Yes 


cycle 


Yes No KG131 


Activate ‘gate LSR 
lo normal to A’ 


Facing page 


Zero and Add Zoned and Add or Subtract 
Zoned Decimal 















Q register blank 


KY131 







S Facing page 


Clock 5 and 6 | 





If computation resulted 
in acarry, ‘digit carry’ is 
activated to give ‘arith 

carry out’ at next clock 
3 and 4 


‘CR 
equal’ and 

‘CR lo/hi’ latch 
active 


Set CR and decrement 
low order of BAR during 


regular B cycles: ARR 
during recomp 
























ALU 





numeric output ae Ee = 
blank Comp A es 
reg’ active 
Deactivate ‘CR equal’ 
Arith 
carry to 
bit 3 
No 
ALU (not) bit 2 
Recomp cycle 
No KG121 
Turn on ‘CR lo/hi’ latch . , : 
: Activate ‘recompl gate 
(No output pin latch) 
Yes Yes 


‘CR equal’ active Recomplement cycle 


No 


KL121 





‘CR 
lo/hi' latch 
on 


No Activate ‘sel BAR 





KG111 


Activate ‘CR hi’ 
KG141 


Activate ‘gate LSR lo 


Activate ‘CR lo to B’ 


KG141 


Activate ‘misc bit 7 


to A’ 








Last regular B cycle or 
last recomp cycle 










Zero and add inst: add 
inst with like signs, sub 
inst with unlike signs 





KY121 





PS 


ctivate ‘bin sub gate’ 










RN101 






Q 
register 
numeric portion 
blank 


No 
Recomp cycle 
No 


KL101 


Yes 


Result is minus zero 









Activate ‘EA eliminate’ 





Activate 'LSR write low’ 


le Recomp cycle 
Yes 





Clock 7 and 8 


Decrement high order of 
BAR for regular B cycles: 
ARR for recomp cycles 


KL141 






Activate ‘ARR seld’ 


KL141 


Activate ‘ARR seld’ 


See Note Activate ‘sel BAR’ 


KG141 


Activate ‘gate LSR hi (8 ) 


to B’ 





Page 5-22 
KY121 


Activate ‘bin sub gate’ 








Clock O 









QO register blank 


Yes 


Recompl gate active 


Turn on ‘op end’ trigger 


KL101 


Activate ‘LSR write high’ 













‘Op 


. Yes 
end trigger 





END OF OPERATION 


KD111 


Activate ‘recompl cycle’ 





KG121 


Deactivate ‘recompl gate’ 


KY111 
‘EA 
eliminate’ 
active 


Yes 
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Note: Operation repeats A and B cycles until end of A field 

{Q register numeric portion blank). ‘EA eliminate’ then allows 
B cycles until end of B field (Q register blank). Operation ends 
unless result is in complement form. To recomplement, the 
low order of the B field is established by the ARR and the 
length of the field is established by the LCRR. ‘EA eliminate’ 
then allows B cycles until end of the field (Q register blank). 
Operation ends. 
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Zero and Add Zoned and Add or Subtract Zoned Decimal 


Wait or Alter Disp ATT—PMR 
Fast | Cycle 
System Reset 


Inhibit SOR | 


Transfer 


Op Bit 5 


Ci 5 and 6 






Gate LSR Lo toB 
Recomp! Gate 















(not) Op Bit 4 





Cl 7 and 8 
Op Bits (not) 6 and (not) 7 KG141 
Cl 1 and 2 Gate LSR HitoB 
EB Cycle " | 
B Cycle 
(not) Recompi Cycle KG141 
Wait State 
System Reset (not Cl 3 and 4 Gee cembnies 
| 
Alter SAR or Storage O Reg Biank 
R 
1/0 Block SOR eaten ie® 2 Address Instr 


Invalid Address 


KG141 
Main Storage 
BSM Write 
EB Cycle KD131 
Not Edit Instr cee 
ew Data to Store| A | FL * 
(not) Significant Digit A 
KY111 C18 
















KC132 —_—— ete > Dec Comp! B Reg 

Store Data Group New SESS NLS 
: ~ Op Bit 6 

Bin Sub Gate Dec Sub Gate 
(not) Op Bit 7 
(not) Test On or Off Aux ALU Out 
A Cl 3C to 5C 
~ N 
(not) Op Bit 6 
RN131 KY121 ALU Gating Ckts 
(not) Halfword Format 
2 
Cl 1 and2 i} 2 


Phase DE 


Sel PSR 











A 
Store Pulse Recompl! Cycle PSR (LSRR) 
a) pofifz}s}a}sfe]7| 
KC142 Clock 8 
IL1 Cycte 
EB Cycle ss - | 
Ciock 2 A LSR Write Hi 3 
AAR (hi) AAR (to) 
M 
heeon Alter SAR Mode KL111 
EB Cycle Clock 4 
Alter Display Storage 
LSR Write Lo 
1/0 Not CE Test Fast | Cycle 
Clock 6 
Channet Inhibit LSR Load 
tdle Time Dummy Half Cycles 


A or B Reg Chk 


LSR to AorB 





16+2P 


Dummy Half Cycies 


Idle Time Nw 3 v4 a 


Cl 5 through O ARR Seld 


ARR 


pofif2}sfats]s} poli f2}sats[sfe]7| 


Normal Display In 


Recomp! Cycie 
KL141 


EA Eliminate 


> 


KY121 


slelelsteist- le 





Aegompl Cycle 


EB Ci 3C to 5C 


Dec Instr 


eee a 


KY121 


Q Reg Biank 


AAR Sel! 


BAR Set 


Sel DRR and LCR 


EB Cl 3C to SC 


Recompl Cycle 


eo) 
Ww 
= 
° 
— 
= 
$ 
Oo 
c 
a 
> 
Oo 
Y 
® 
a 
y 
2 
© 
uw 
o 
B 
e 





Gate LSR Lo Normal to A 


Force Bit3toA 
Force Bit 7toA 


DO 
2 5 
oa 
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A Reg Bit 2 
SOR Sign Minus 


1st E Cycle 
c!3CO 


Instr n 
Dec-Hns UGG 2 Addr Format 


Zero and Add Instr 


a 
(not) Op Bit 4 


in ae : 
z | | Op Bit 6 

| | 

| ; 


Add Dec Instr 


Sub Dec Instr 
Op Bit 7 


(not) Zone Num Interchange 
EB Cl 3and4 

Not EA Eliminate 

2 Address Format 





























KG131 Recompt 
N A 
(not) Q Num Blank 
Dec Insts 
A nn 
EA Elmminate 


EB Not Ist Cycle 


Cl 1 and 2 2 Address Format 


Recompi Cycle 

Tst E Cycle 

EB Ci 3and4 
Not IR Prog Backup 


Cl 5 and6 
KG141 
(not) CE Test No Increment 
(not) 1/0 Cycle Not Test 





(not) Wait State 
(not) Fast | Cycle 
(not) System Reset 








EB Cycle 
Dec Instr 
Q Reg Blank 


Recomplement 
Gate 











(not) Dec Comp! A Reg 





Arith Carry to 3 


C!7 and 8 


CR Equal 






(not) Single EB Cycle Instr 
EA Cycle 
Clock 5 through O 
KL121 


(not) Recompl Cycle 
EB Cycle 
Clock 5 through 0 


(not) Recompi Cycle 
EB Cycle 

Ci 1 and 2 

(not) LSR Display Gate 







KL121 
(not) Op Bit 4 





Halfword Format 





Cl 3and4 One Address Instr 







EA Cycle 






EB Cycle 


4 
a 


Zero and Add Zoned and Add or Subtract Zoned Decimal 


m 
m 
ise] 


Cycle 


— 
NO 
Fe 


a P= 


a 
qh 


Clock 

Load SAR 

BSM Select 

AAR Select 

BAR Select 
LCR/DRR Select 
LSR Load 

Load A and B Reg 
Load ALU 

ALU Output 

A Reg Input 

B Reg Input 
Binary Sub Gate 
Decimal Sub Gate 
Dec Compl A Reg 
Sign Control 

BSM Write 

CR Control 

Load Q Reg 
Recompli Gate 
EA Eliminate 

Op End 


HALL LE 
TT 
HLL: 
TT 


WT a Le 
WE HT EE 


Force Bit 7 Force Bit 7 or Bit3 


Force Bit 7 
Bar Lo 


| 


AAR Hi BAR Hi 


aE: 
CUT PE 


al 





ULE TT 
oft 


ATT: 
ATT E 


AUT ETL TTT 
cop 





= 
Pp 
= 


Recomplement 1st EB Recomplement Not ist EB 
Cycle 
Clock 
Load SAR 
BSM Select 
ARR Select 
Sel PSR 
LCR/DRR Select 
LSR Load 
Load A and B Reg 
Load ALU 
ALU Output 
A Reg Input 













Wh 
A 
iL 
SEA ELT 


Force Bit 7 or Bit 


nh LE 
ad 


oeaees et ates tlle once al 
SS 
or 


B Reg Input 
Binary Sub Gate 


ar 


Decimal Sub Gate 
Dec Compl A Reg 
Dec Comp! B Reg 








pe 


Sign Control 
BSM Write 
CR Control 
Load OQ Reg 
EA Eliminate 
Ist E Cycle 
Op End 














AT 
Ly L 


(If Q= 


= 

OQ 
U 

2 





oO 
| 








ALD References 


KC122 
KC142 
KC132 
KL121 
KL121 
KL121 
KL101 
RA101 
AV 132 
AV 142 
RA111 
RA101 
KY121 
KY121 
KY121 
KY 101 
KC132 
KG111 
KD141 
KG121 
KY111 
KD131 


KC122 
KC142 
KC132 
KL141 
KL121 
KL121 
KL101 
RA101 
AV132 
AV 142 
RA111 
RA101 
KY121 
KY121 
KY121 
KY121 
KY101 
KC132 
KG111 
KD141 
KY111 
KD111 
KD131 


Condition Register 


Zero and Result | Result | Result 
Add Zoned iS i is 
zero plus 


Add or Subtract Result Result | Result is too 
Zoned is ] is large for 
zero plus field 
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Edit—ED 


Bits 0 
x 


1234567 
Op Code x x x 1010 
e Replace hex 2/0 in B field with A field data. 


e Skip other characters in B field leaving them as 
they were. 


e@ Length of B field is Q code plus 1. 
e A field sign stored in condition register. 
An edit operation inserts punctuation (decimal 


points, commas, or other symbols) into an amount 
field. 


Example: 
A field 090715 
B field before edit X,XXX.XX 
Blank 
B field after edit 0,907.15 * 


x = Replaceable Character (2/0) 


The A field represents the total nine-hundred seven 
dollars and fifteen cents. The B field is the pre- 
established edit pattern. The total is then moved 
into the edit pattern to replace those positions 
that contained a replaceable character (2/0). 


The operation begins with the low order position 
of each field and continues until the high order 
position is reached. First, an A-cycle removes the 
first A field byte from storage and retains it in the 
DRR. Then a B-cycle removes the first B field 
byte from storage, transfers it to the B register, 
and checks to see if the character is a replaceable 
character. Only a hex 2/0 is recognized. If the 
character is 2/0, the A field character is stored in 
that location; if the character is not 2/0, the A 
field character is retained and the next B field 
character is checked. 


The O code pilus 1 is the length, in bytes, of the 
B field. The A field characters are assumed to be 
decimal numeric, and their zone portions are all 
set to F before entering them into the B field. 
However, the sign of the A field before the oper- 
ation is used to control the setting of the condi- 
tion register. The following chart shows the sig- 
nificance of the condition register settings. 


Equal Low High 


A field A field A field 
is Zero is negative is positive 


After an A-cycle has stored the first A field byte 

in the DRR, the CPU enters into a B-cycle. During 
the B-cycle the A field byte is transferred from 

the DRR to the A register. The first B field byte 

is read from storage and is loaded into the B regis- 
ter. The ‘AND’ and ‘OR’ lines are activated to 
move tne A register byte through the ALU. 


Gate LSR Lo Normal to A (DRR) 
Gate SDR to B 


B A 
Register Register 


AND 


OR 





Main 
Storage 


Select DORR and LCR LSR LSR 
Hi Lo 


The B register is checked to see if it contains the 
character 2/0. If it does, the ALU result is stored 
in the B field units storage location. Since the A 
field byte was stored, the machine takes another 
A-cycle to read out the next A field character and 
store it in the DRR. 


If the B register byte is not 2/0, the ALU output 
is not entered into the SDR and the B register byte 
is regenerated back into main storage. In this case, 
‘EA eliminate’ is activated, the A field byte is re- 
tained in the DRR, and the machine takes another 
B-cycle to read the next B field byte from storage. 


During each B-cycle, except the first B-cycle, the 
LCR is decremented. The LCR contains the B 
field length count which was stored there during 
the |-Q cycle. The result, which is latched into 
the ALU at clock 2CD time, is loaded into the 

Q register at clock 3 time. 


The Q register is tested each B-cycle to see if the 
end of the field has been reached (all zeros in the 
Q register). If the Q register is all zeros, the 

‘op end’ trigger is turned on and the operation 
ends. By not decrementing the LCR on the first 
B-cycle, the B field length becomes one more 
than the O code. 


The cycles required to complete a typical edit 


operation are: 
fcvee Sf a(8]2[8] 4/8] ala e/a) 


A register 




















Data recall register 


Length count 


x = Replaceable Character (2/0) 


A field 090715 

B field before edit X,XXX.X * 

B field after edit 0,907.15. * 
blank 


Note: Since the Aand B registers are loaded each 
odd CD clock time, the figures shown apply only 
to clock 3 and 4 time when the main storage data 
is being analyzed. 


During the first A-cycle, the A field low order 
byte, in this case a 5, is stored in the DRR. Dur- 
ing the following two B-cycles, as the asterisk and 
space are read from storage, the 5 is retained in 
the DRR. On the third B-cycle, when the replace- 
able character is read from storage, the 5 replaces 
the 2/0 in the B field location. Another A-cycle 
follows to read out the next A field character, 
and so on until the length count is reduced to 
zero. 


During clock 1 and 2 of the first A-cycle, the con- 
dition register is set to equal. The sign of the A 
field (which is contained in the zone portion of 
the low order byte) is checked while the byte is 

in the B register. If the sign is minus the CR low 
latch is turned on; if not the latch is left off. Dur- 
ing each B-cycle, after computing the A ard B data 
at clock 3 and 4 time, the ALU output is sampled. 
lf the ALU output is all zeros, the condition regis- 
ter remains set to equal and the equal condition 
takes precedence over the sign of the field. How- 
ever, if an ALU output occurs during any B-cycle 
the result can no longer be equal and the equal 
condition is reset. 
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Once the equal condition has been reset, the final 
high or low setting of the condition register is de- 
termined by the CR low latch. If the CR low latch 
is on, a CR low condition is indicated; if the CR 
low latch is off, a CR high condition is indicated. 


During each A-cycle, as the A field byte goes 
through the ALU, ‘sign control’ is activated. 
Thus, each byte is entered into the DRR as a 
decimal numeric character (zone bits all present). 


EDIT — ED 


RN131 
EDIT , 
Activate ‘store 


A cycle data group’ 





Clock O 


Address A address 
storage location 


Activate ‘Ist 
E cycle’ 


rh 
Oo 
no 
Zz 
° 


KD121 
Activate ‘EA cycle’ 

KL121 
Activate ‘sel AAR’ 

KC142 


Activate ‘load SAR’ 






Address translation 





description is an 
page 2-50 










Address 
xlate 
active 





Address storage 





Clock 1 & 2 


Set CR to equal 
on Ist cycle 
KG101 


Activate ‘CR equal’ 
Clock 3 & 4 


Store A field data 
in DRR 
















Activate ‘gate SDR 
to B’ 






Activate ‘sel ORR 
and LCR’ 











KY 101 


Activate 
“sign control’ 


KL101 


Activate ‘LSR 
write low’ 





Sign is in bits 0 to 
3 of Ist byte. Sign 
is entered as plus re- 















gardless of how it 

came out of storage. 
Plus is 11117 in bits 
Oto3 






Clock 1&2 
Decrement LCR each 
cycle except Ist KL121 


cycle Activate ‘sel DRR 
and LCR’ 


KG141 









Clock 5&6 





Decrement low order 
ot AAR. Set ‘CR 


lo’ latch in 1st cycle 
if minus field 




















B 
KY101 reg. sign ten I Activate ‘gate LSR 
ses \ , 
‘B Reg sign minus’ : minus hi to B 
latch set at clock 3CD 1 
Senet eae 
KG111 
fos Ds Ist 
Until ‘CR equal’ is Turn on ‘CR to’ No 6 
deactivated it takes latch KG141 cycle 
f Cc ‘CR 
ye be ee C NOTE 1 Activate ‘misc 
Otel bit 7 to A’ Yes 
KY121 





KL121 















Activate ‘sel AAR’ Store A field data tn gate’ 
B field position if B KL101 
KG141 field position con- Activate ‘LSR 
Activate ‘gate LSR tains replaceable write high’ 
lo to B’ character (Hex 2/0}. 
Load remaining 
fength count into 
SEW ate ‘misc bit Q reg KL121 





7toA 





Activate ‘sel ORR 
and LCR’ 


Activate ‘bin sub 






' KG131 
gate 






Activate ‘gate LSR 


lo normal to A’ 





Activate ‘LSR 
write low’ 





KG141 





Activate ‘gate SDR 









ee ee to B’ 
Clock 7&8 RNi21 
Decrement high order : ‘ 
et ARR KL121 ee and’ and 
r 
Activate ‘sel AAR’ AV211 KD141 
ey ALU output was 1 A ‘ Goat 
latched at'26D } ctivate ‘load Q reg 
; see See 
Activate ‘gate LSR 
hi to B’ 
KY121 e 
No register 
Activate ‘bin sub contains 
gate’ Clock 5 & 6 2/0 
KL101 Decrement low order Yes nya 
Activate ‘LSR of BAR. Set CR Activate ‘new dat 
. ‘ ata 
B cycle write high’ fate Sie dro 
Orage 
re KC131 
lock O 
nad 3 Activate ‘BSM 
ress B address ; 
write 
storage location KDI 
KL121 


Activate ‘sel BAR’ 


KC142 


Activate ‘load SAR’ 






Clock 7&8 












Decrement high 
order of BAR and 
check for blank 

Q reg 


ALU KL121 


numeric 
blank 






Yes 














Activate ‘sel BAR’ 







Activate ‘gate LSR 
hi to B’ 


Activate ‘bin sub 
gate’ 


Q 
register 
biank 








Register 
contains 210 







Yes KG101 


Deactivate ‘CR 
equal’ 

















No 










‘CR 
lo’ latch 
on 










Turn on ‘Op end’ 
trigger 






Activate ‘CR hi’ 







Activate ‘LSR 
write high’ 


KG111 


Activate ‘CR lo’ 









KD131 





Op 
end trigger on 







B 
register 
contains 
2/0 












Activate ‘EA 
eliminate’ 







END OF 
OPERATION 





Activate ‘se! BAR’ 





Activate ‘gate LSR 


io to B' 
KG141 
Activate ‘rnisc bit 7 
to A’ NOTE 1: No output pin from latch. 
KY 121 NOTE 2: A-register data; put in ALU at 4CD. 
Activate ‘bin sub 
gate’ NOTE 3: After B cycle, if B field character was 
KL101 not a Hex 2/0, ‘EA eliminate’ causes another B 


cycle. When B field Hex 2/0 is found, machine 
takes another A cycle to read out next character 
to be stored. When end of field is reached 

(QO register blank) operation ends. 


Activate ‘LSR write 


iow’ 
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Edit—ED mat 
Edit Instr EA 
x EBC 
ycle 
(not) B Reg 20 EB CI 5 and6 A 
Se ee Gate LSR Low Normal to A . Cl Band 4 
not tS nee (not) Zone - Num Interchange 
EB Cycle Invalid Address 
( = 1c EA Eliminate (not) Recompl Cycle 
not) Recompl Cycle 


KY111 
ae R A N A 
Inhibit SOR Transfer N Gate SDR to B 2 Address Format C18 Op-End Dec Instr iN (not) Q Num Biank 
Wait or Alter-Disp Alter SAR or Storage ( yR | Gat 
ATT-PMR not) Recomp! Gate 


1/0 Block SDR 


> 


Q Reg Blank EB Not tst Cycle 


























System Reset EB Cycle KG141 : 
Cl 1 and 2 2 Address Format 
D131 — — 
Cl 1 and 2 a . Cl 5 and 6 (not) 1/O Cycle Not Test 
Cl 7 and 8 oes ee oe am | 0] (not) CE Test No Incre 
Wait or Alter Disp KG141 A 
ATT-PMR (not) 1R Prog Backup (not) Wart State _ 
Fast I-Cycl . (not) Fast I-Cycle 
ast I-Cycle 
B (not) System Reset 
System Reset x x 
G LSRL B oe gi 
t to 
A ate oO 
Main Storage C! 5 and 6 6 | EB 3C to 5C 2 Address Format 
17 | 
BSM Write AND 3 Op Bit 4 (not) 5 
EB Cycle 
Wait State = — = Clock 8 IL1 Cycle 
(not) Significant Digit Neawsparseorsicia Cl 3C through 5C N Bin Sub Gate OR rn = 
. A 
Alter/Disp| ATT/PMR Cl 4CD A FL a Clock 2 1L2 Cycle 
Aux ALU Out 
ux aaa EB Cycle 
KY111 
cis 


Alter SAR Mode 
EB Cycle 


Phase DE 
Store Data Group New 





Op Bit 6 


ALU Gating Ckts . 
KC132 
+ Clock 4 
2 LSR Write Low "ee a a Fast | Cycle 


Clock 6 
LSR Write High = 


Channel Inhibit LSR Load 
4 
Es 


Alter Display Storage 


(not) Op Bit 7 


(not) Test On or Off ; Sel LCR and DRR 
B Reg Bit 4 (not) Op Bit 6 


B Reg Bit 5 
B Reg Bit 6 








(not) Halfword Format 




























1/O Not CE Test 
B Reg Bit 7 Eons =e [re isle tite 
(not) B Reg Bit 0 lols J2fafa[sfel7fo]i]2]3}4{sle]7| —— 
(not) B Reg Bit 1 e LSR to AorB 
B Reg Bit 2 Dummy Half Cycles 








(not) B Reg Bit 3 EB Cycle 









(not) Recompl Cycle 























Load Q Reg 
213 2 Address Format 
EA Cycle are SERBEEEDREERE ELE : 
A (not) Single EB Cycle Instr 

Cl 1 and 2 

EB Cycle (not) LSR Display Gate 
Sel 
(not) Op Bit 4 Cl 3and4 AAR Se 
Halfword Format o BAR (high) BAR (low) Cl 5 through O 
: KL121 

One Address Instr KL121 


EB Cycle 
Ct 5 through O 


folif2[3}ja{sfel7{olif2jsta]sie] 7 





BAR Sel 






16+ 2P (not) Recompl Cycie 


KL121 


Edit—ED 


Cycle 

Clock 

BSM Select 

Load SAR 

AAR Select 

BAR Select 
LCR/DRR Select 
Load LSR 

Load A and B Reg 
Load ALU 

ALU Output 

A Reg Input 

B Reg Input 
Binary Sub Gate 
ALU Control (And/Or) 
Sign Change 

CR Control 

Load Q Reg 

EA Eliminate 
BSM Write 


Op-End 


Cycle 

Clock 

BSM Select 

Load SAR 

AAR Select 

BAR Select 
LCR/DRR Select 
Load LSR 

Load A and B Reg 
Load ALU 

ALU Output 

A Reg Input 

B Reg Input 
Binary Sub Gate 
ALU Control (And/Or! 
Sign Change 

CR Control 

Load Q Reg 

EA Eliminate 
BSM Write 


Op-End 


Hh 


RPL TTF 


r- 
oO 
; 


LCR 


LCR 


na 
0 
aD 


= 
n 
- 
m 
> 


m 
mw 





BAR Lo 





@ 
> 
2 
= 


ALD Reference 


KC122 
KC132 
KC142 
KL121 
KL121 
KL121 
KL101 
RA101 
AV 132 
AV 142 
RA111 
RA101 
KY121 
KY101 


KY191 


KD141 
KY111 


KC132 


KC122 
KC132 
KC142 
KL121 
KL121 
KL121 

KL101 


RA101 


aces 
bee 
fess! 
es 
oe 
bad 
[BAR 
Lee 
fee AV 132 
La AV 142 
ho a RA111 
ae 
— evi 
KY101 
ae 
P| KD141 
oa KY111 


KC132 


KD132 
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Insert and Test Character—ITC 


Bits 0 
x 


1234567 
Op Code x x x 101 1 
e Replace all characters to left of first significant 
digit in B field with A field character. 


e Only numeric characters 1 through 9 are con- 
sidered significant digits. 


The insert and test character operation inserts a 
single A field character tnto each B field position 
to the left high order significant digit. Only nu- 
meric characters 1 through 9 are considered to be 
significant digits. 


An example of an insert and test character opera- 
tion ts: 

A field character * 

B field before operation $001.98 
B field after operation $**1.98 


The B field starting address is the high order posi- 
tion and the operation continues until! either, the 
low order position of the field is reached, or a sig- 
nificant digit is found. The B field length is one 
more than the QO code. 


After the A field byte has been stored in the DRR 
the CPU enters into a B-cycle. The B field high 
order byte is read from storage and is loaded into 
the B register. The A field byte is transferred from 
the DRR to the A register and the ‘AND’ and 

‘OR’ ALU control lines are activated to move the 
A field byte through the ALU. 


Gate SDR toB Gate LSR Lo Normal to A (DRR) 


B A 
Register Register 








Decode 
Numeric 
1to9 





AND 






Main 


OR 
Storage 


Select DRR and LCR LSR LSR 
Hi Lo 


If the B register contains a character other than 
numeric 1 through 9, the A field byte is stored in 
the B field high order location. 


The BAR is then incremented in the same manner 
that the IAR is incremented during I-cycles. ‘EA 
eliminate’ prevents the CPU from taking another 

A-cycle. Another B-cycle reads the next descend- 
ing B field position from storage and it is checked 
in the same manner. 


If the B field byte contains a significant digit the 
B field byte is regenerated back into storage and 
the ‘op-end’ trigger is turned on and the operation 
ends. Meanwhile, the LCR is decremented each 
B-cycle, except the first B-cycle, and is transferred 
to the Q register. If no significant digit is found 
before the length count is reduced to zero, the 

all zero O register ends the operation. 


Each B-cycle in which no significant digit is found, 
the address of the next B field byte is stored in the 
ARR for programming purposes. At the end of 
the operation, the ARR will contain the address 

of the first significant digit. If no significant digit 
is encountered, the ARR will contain the address 
of the byte to the right of the B field. 


[ Field 


$ 0 0 1 : 9 
Ls Field Starting Address 







A me 


* 













Reference to timing 
chart on facing page 





Action taken 



















Length Count to LCR un- -—--—------- 
changed, also to QO Register 


* to B Field ($01.99) =s2-—-—222—- 


Increment BAR—~~-—-——~——-——-—-—------ 





Decrement length count and -———————- 
store in LCR and QO Register 


* @B Field ($**1.98)--------~-~--- 


lacrement BAR=———=—=—=— —<—— — =. 





Decrement length count and-—-—--——--- 
store in LCR and QO Register 





No change in B Field due to——--—— —-—-- 
significant digit ($** 1.98) 


lnerement BAR<=————==—=2—2- 25 =2 
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Insert and Test Characters — ITC 


Machine Cycle 


Clock 

Load SAR 

BSM Seiect 

AAR Select 

BAR Select 

DRR Select 

LCR Select 

ARR Select 

Load A and B Reg 
A Reg Input 

B Reg Input 

ALU Output 

ALU Control (and/or) 
Binary Sub Gate 
Bin Compl A Reg 
Load LSR 
Significant Digit (1-9 
Load O Reg 

BSM Write 

EA Eliminate 

Op End 


Machine Cycle 


Clock 

Load SAR 

BSM Select 

AAR Select 

BAR Select 

DRR Select 

LCR Select 

ARR Select 

Load A and B Reg 
A Reg Input 

B Reg Input 

ALU Output 
ALU Control (and/or) 
Binary Sub Gate 
Bin Comp! A Reg 
Load LSR 
Significant Digit 
Load O Reg 

BSM Write 

EA Eliminate 

Op End 





























EA Ist EB 

are seca came nsec ata enc Para 
fe fn a fee a Peale nae 
ie a Ea ee Pee ceeesees Hy 
es ||| ener a Let 
Pomel = oie se oe tps ee aS ate ee aiid EEE 
Ee I te a a ee i odes hee ee 
cee gt gaa reel ie Se Ee a 
pf ff —_f___f___;___+__}__}+__ | ee 

Pe od een a Ul peal Secale conte Vleet ie ett al | 
Pe ae a 
———}- — — 2 as —|—|—_ IBAR Lo] BAR Hi 
|} |} | |} nts —f———-} peemeeenieees manele 
—————————— ee ee ee 
a eee 
pf pp Pests iese ed irs 2c 
Pee eee ee ee ee ea he eee ego, Rll teal lane aes eee deed en 
ee — 
ee focus Ws eae ed ee edt ol ne 

















ete natal elie pio hihi hi hihi ht 
Se eae 
= ett ke ars 
eee se NN ee ae IE a eee ee lee are 
IE en =e nee eee ee ASE | ON (ae 
Se eae 
es Peorce Bit 7 Er, ete Force Bit 7 OR force Bit 7 an 
CR PSO BAR a BAR CR SORE BAR Lo) aR 
aN i ceed eT leer eed 
ea ae a ee Ne I 
ee oe ||| 
bebe cee othe eet eat a ee 
a a ee ee 
fee Ag a eo ee a ie ee Se od email 
a ek | eee eee, — ee me Te 
aN ee a eae ee ee ee Tee ees ee 


aS Se 
GB Gg g g 


ALD Reference 


KC122 
KC142 
KC132 
KL121 
KL121 
KL121 
KL121 
KL121 
RA101 
RA111 
RA101 
AV 142 
KY 101 
KY 121 
KY 121 
KL101 
KD131 
KD141 
KC132 
KY111 
KD132 


KC122 


KC142 
KC132 
KL121 
KL121 
KL121 
KL121 
KL121 
RA101 
RA111 
RA101 
AV 142 
KY 101 
KY 121 
KY 121 
KL101 
KD131 
KD141 
KC132 
KY111 
KD132 
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Insert and Test Character—ITC 


Objectives 


Insert and Test Character 


Bits 0123 4 


567 
Op Code xxx x101 1 


e Replace all characters to left of first significant 
digit in B field with A field character. 


e@ Only numeric characters 1 to 9 are considered 
significant digits. 


e Length of B field is Q code + 1. 


e A field is only 1 character in length. 


Example: 
Edited field before operation $001.98 
A field character % 
Edited field after operation $**1.98 


B field starting address 











INSERT AND TEST 
CHARACTERS 


A Cycle 
Clock 0 


Address A address 
storage location 





Activate ‘store data 
group’ 


Activate ‘1st E cycle’ 
trigger 


Activate ‘EA cycle’ 


Activate ‘sel AAR’ 


Activate ‘load SAR’ 


















Address storage 


Clock 3 and 4 


Store A field character 





AAR is decremented 
from 5 to 8 time but 
is insignificant for this 


in DRR KG141 
Activate ‘gate SDR to B’ 
KL121 
Activate ‘sel DRR and 
LCR’ 
eS KL101 
Activate ‘LSR write low’ 
B Cycle 
Clock O 












Address B address 
storage location 





operation 


Activate ‘EB cycle’ 


KL121 


Activate ‘sel BAR’ 


KC142 


Activate ‘load SAR’ 


Clock 1 and 2 


Decrement LCR each 


cycle except 1st cycle 





Activate ‘sel DRR and 
LCR’ 


KG141 


Activate ‘gate LSR hi 
to B’ 





Address translation de- 
scription is on page 2-54 


Select xlate register 











toA 


Activate ‘bin sub gate’ 







Activate ‘LSR write 
high’ 


Clock 3 and 4 


Store A field character 
if B field character is not 
significant. Load remain- 
ing length count into Q 





Activate ‘misc bit 7 


: ‘ 
‘ 









Clock 5 and 6 


Increment low order of 
BAR. Put address in 
AAR unless B field 
character was sign.ficant 
digit 


—______, 
| DRR | 
reg 


KL121 


Activate ‘sel DRR and 
LCR’ 


Activate ‘gate LSR lo 


normal to A’ 







Activate ‘gate SDR 
to B’ 





ALU output was latched { 


at 2CD | 
eae | 





Activate ‘ioad Q req’ 











B 
register 
significant 
digit 
Yes 


RA101 


Activate ‘significance’ 


Activate ‘significant digit’ 





KG141 


RN121 


Activate ‘and’ and ‘or’ 


KD141 








Clock 7 and 8 


Increment high order of 
BAR. Check for signifi- 
cant digit or blank OQ reg 







B cycles are repeated 
until either a significant 
digit is found or the Q 

register is blank (end of 
field). Operation ends 





KY111 


Activate ‘new data to 
storage’ 


KC132 


Activate ‘BSM write’ 


Activate ‘EA eliminate’ 


Activate ‘sel BAR’ 


Activate ‘gate LSR lo 
to B’ 





KG141 


Activate ‘misc bit 7 


to A’ 





KY1421 


Activate ‘bin sub gate’ 


KY121 


Activate ‘bin comp A 














Signt- 
ficant digit 
active 


KL141 


Activate ‘ARR seld’ 


KL101 


Activate ‘LSR write 
low’ 


| KL121 


Activate ‘sel BAR’ 






Activate ‘gate LSR hi 
to B' 







Activate ‘bin sub gate’ 


Activate ‘bin comp 
A reg’ 
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Signi- 
ficant digit 
active 


KL141 


Activate ‘ARR seld’ 





Turn on ‘Op-end’ 
trigger 








Activate ‘LSR write 
high’ 


END OF 
OPERATION 


Insert and Test Characters — ITC 


Op Bit 6 
(not) Edit Instr 
EB Cycle 


ci4co 
(not) Op Bit 7 


(not) Test On or Off 
(not) Op Bit 6 


rn Halfword Format 
RN131 


A In (not) Significant Digit 


‘BSM Write’ 


Ci 5 and 6 
Gate LSR LotoB 


(not) Wait State 
(not) Fast | Cycle 
(not) System Reset 


Gate LSR Hi toB 


Main Storage 


Invalid Address 







1/O Block SDR 
Alter SAR or Storage 
(not) Cl 3 and 4 


Wait or Alter-Disp 
ATT-PMR 
System Reset 
EB Cycle 
(not) Recomp! Cycle 
Inhibit SDR Transfer 




















Alt/Disp 
ATT/PMR 


Wait State 








16 + 2p 1L1 Cycle Clock 8 
IL2 Cycle on Ny 
Clock 2 
EB Cycle 
Alter SAR 
Mode KL111 
Clock 4 
EB Cycle 
1/O Not CE Test Alter Display Storage or ae 
Channel Inhibit Clock 6 


LSR Load 
Dummy Half Cycles 
Idle Time 
A or B Reg Chk 


Fast | Cycle IN if 
a 





KL111 





LSR toAorB 


é EB Cycle 


Ci 6 and 8 
FC Instruction 
ignificant Digit 


oo 





New Data to St a | 
Store Data Group New | A ere ees 
KY111 as 


KC132 





| Gate SOR toB 


LSR 
Write Hi 










B Reg Bit 4 
B Reg Bit 5 
B Reg Bit 6 
B Reg Bit 7 A EB Cycle 
Significance 
(not) B Reg Bit 6 B Reg Bit 0 
B Reg Bit 1 
(not) B Reg Bit 5 B Reg Bit 2 A 
B Reg Bit 3 
(not) B Reg Bit 4 
2 Address Format FC Instr 
Op Bit 4 
(not) Op Bit 5 “ 
Op Bit 6 
Op Bit 7 
RN121 


Bin Compl A Reg 





cl 4 FF EB Trigger is 
2 Address Format 
(not) Recompl Gate 
A Q Reg Blank 


Significant Digit ci8 


KD131 KD131 


Op Bit 4 











EB Cycle 





EB Cl 5 and6__§A Eliminate 


Cl 3 and 4 
CE Gate LSR Low Normal to A 


(not) Zone Num Interchange 


(not) Recompl Cycle 


| B (not) Q Num Blank 


oi P Dec Instr 
EA Eliminate 


EB Not 1st Cycle 


A Cl 1 and 2 2 Address Format 
Ci 5 and 6 


A | {not) IR Prog Backup 


Force Bit 7toA 


(not) CE Test No Increment 








KG141 (not) 1/O Cycle Not Test 
(not) Wait State 
Ci 3C Bin Sub Gate a | (not) Fast | Cycle 
through 5C (not) System Reset 
KY121 KY 121 
Aux ALU Out EC Instr 
CI5 SN 0 eueene 
EB strowsn (not) Single EB Cycle Instr 


ALU Gating Ckts 


LCR 



















2 Address Format 
EB Cycle 









KO141 
(not) Op Bit 0 


(not) Op Bit 1 
(not) Op Bit 2 
(not) Op Bit 3 


OQ Reg Blank 


Sel ORR And LCR 






















(not) Op Bit 4 


One Address Instr 


(not) LSR Display Gate 
EA Cycle 


Ci 1 and 2 
(not) Recompl 
EB Cycle 











EA Cycle 
EB Cycle 














Cl 5: through O 
AAR Sel 


BAR Sel 
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Move Hex Character — MVX 


Bits 01234567 

Op Code xx xx1000 

e@ Move half (zone or numeric) of A address byte 
to the numeric or zone portion of the B address 


byte. 


e Do not change the other half of the B address 
byte. 


e Bits 6 and 7 of OQ code specify the portion of 
each byte used. 


The move hex character operation moves a half 
byte of information from one main storage location 
to another. Either half of the A field byte (zone or 
numeric) may be placed in either portion of the 

B field byte (zone or numeric) without changing 
the other half of the B field byte. The type of 
move is determined by bits 6 and 7 of the O code. 
The following example shows the four types of 
moves possible and gives the O code bit structure 
for each type of move. Since each field is only 

one character in length, one A cycle and one B 
cycle are all that are required to complete the 
operation. 


Before Operation After Operation 


A Field B Field 


Byte Byte 
B Field 
Byte 
Zone to Zone 


Numeric to Numeric 


Zone to Numeric L413. 





Numeric to Zone 16 | 7 | 


After an A cycle has stored the A field byte in the 
DRR, the CPU enters into a B cycle. During the B 
cycle, bits 6 and 7 of the O code contro! the data 
flow. 


The following figure shows that if the half byte is 
to be moved to the same relative position in the B 
field byte, the bits are transferred from the DRR 
to the A register in their normal positions. 
However, if the move is to the opposite portion of 
the B field byte, the A field byte enters the A 
register with the zone and numeric portions 
crossed. For example, a 3 bit enters the A register 
as a 7 bit, a 2 bit enters as a 6 bit, and so forth. 


Gate LSR Lo Normal to A (DRR) 






0 
: 1 

Bits 
2 
3 
4 
5 
Bits 
o 
7 

A 

Register 


LSR 
Hi 


Zone to Zone 


Q 
Bits 
67 


Numeric to Numeric 





Zone to Numeric i 
| on | Numeric to Zone 


Select DRR and LCR Select DRR and LCR 


Hex Character to A Register Data Flow 


Gate LSR Lo Crossed to A (ORR) 


Bits 


NO on fb 


Bits 


QQ NO = © 


A 
Register 


The portion of the B register byte that is to be 
changed by the A field half byte determines the 
ALU controls. The ‘AND’ and ‘OR’ ALU control 
lines are activated only for that portion that is to 


be changed. 
0 0 
1 1 
2 2 
B 3 2 A 
. Reai 
Register 4 4 egister 
5 5 
6 6 
7 7 
Main BSM Write 
Storage 







Move Zone 





Move Numeric 


The other half of the B register byte passes 
through the ALU without any ALU controls and 
the new byte is entered into storage. At clock 8 
time the ‘op end’ trigger is turned on and the 
operation ends. 
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Move Hex Character—MVX 


Bits 0 
x 


1234567 
Op Code x x x 1000 
Objectives: 


e Move numeric (lower.four bits) or zone (upper 
four bits) portion of the byte in the location 
specified by the A address register, to the 
numeric or zone portion of the byte in the 
location specified by the B address register. 


e Do not change the other half of the B address 
location byte. 


e Do not change the A address location byte. 


e Bits 6 and 7 of QO code specify portion used. 


MOVE HEX 


CHARACTER 





Clock 0 


Address A address 
storage location 





KD121 


Activate ‘EA cycle’ 





RN131 


Activate ‘store data group’ 





KL121 


Activate ‘sel AAR’ 


KC142 


Activate ‘load SAR’ 













Address translation 
description is on 
page 2-54 








Select xlate reg 


Address storage 









Clock 3 and 4 


Store selected portion 
of DRR and unchanged 
portion of B field byte 
in B address location 














Clock 3 & 4 
Store A field 
KG141 
byte in DRR : 
Activate ‘gate SDR to B’ 
KL121 
Activate ‘sel DRR 
and LCR’ 
KL101 
Activate ‘LSR write low’ 
AAR is decremented 
from 5 to 8 time but 
is insignificant for 
this operation 
Clock 0 Tie eee ee ge OF eee he 









Address B address 
storage location 





Activate ‘EB cycle’ 














Activate ‘sel BAR’ 


Load ALU 


Load LSR 
BSM Write 


Activate ‘load SAR’ 





Op End 


Machine Cycle 


Clock 
BSM Select 
Activate ‘new , Load SAR 
data to storage 
AAR Select 
BAR Select 


B Reg Input (SDR) 

DRR Select (A Reg Input) 
Load A and B Reg 

ALU Control (And/OR) 


ALU Output 


First E Cycle 





Activate ‘gate SDR to B’ 










KL121 f bits 


l67 







Activate ‘sel DRR 







and LCR’ zone to zone 
Zone et es 
to zone or No 
numeric to numeric ~ 
move 
Yes Activate ‘zone 






num interchg’ 






Activate ‘gate LSR lo 


normal to A’ 





Activate ‘gate LSR lo 
crossed to A’ 





Clock 7&8 


KG141 


Activate ‘and’ and ‘or’ 


EA 







End operation 


END OF OPERATION 










Zone 
to numeric or 
numeric to numeric 
move 







Activate ‘move num’ Activate ‘move zone’ 










| "BSM select’ enters 
| data at clock 5 





Activate 'BSM write’ 


J 













BAR is decremented 
from 5 to 8 time but 
is insignificant for 





this operation 





Activate ‘op end’ trigger 






ALD 


ee Reference 


8 
KC122 
a CABO 
i eae 
KL121 
| «A101 
| | KL121 
| | RAtO1 
| | KY 101 
| | avi32 
— AV142 
Hi 
— 


KL101 


KC132 
een ae ee) ad 


a eee eee lta, Noll eel eee eee es) pd 1131 
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Move Hex Character—MVX 


Phase DE 
C19 ThruO 


Wait State 


Alt/Disp ATT/PMR 













Invalid Address 

EB Cycle 

(not) Recomp! Cycle 

Inhibit SDR Transfer 
Wait or Alter-Disp ATT - PMR 


EB Trigger 
A 


System Reset 

(not) 3 and 4 time 
Alter SAR or Storage 
1/O Block SDR 


| Gate SDR toB 


KG141 









Main Storage 





BSM Write 
EB Cycle 
(not) Significant Digit 









(not) Edit instr 


Store Date Group New 


Op Bit 6 


(not) Op Bit 7 


(not) Test On or Oft 


A 
(not) Op Bit 6 
RN131 
(not) Halfword Format 
EB Cycle 
EA Cycle Ci 3 and 4 
(not) LSR Display Gate A 


(not) Op Bit 4 


Halfword Format 1 | Pk 


One Address 
RN111 





16+2P 


Single EB Cy Instr 


A {New Data to Store 


Sel DRR 






KD131 


Aux ALU Out 


ALU Gating Ckts 


LSR Write Low 


joj i[ 2] 3}a}ste]7| 


AAR (low) 


ols f2fs}a{sfe[7jof+j2{a}aj sel 7) 
Pe 


AAR (high) 





Sel AAR 






BAR (high) BAR (low) 


ol 1}2}3}4tsfe{7folif2}si4]sje]7 


Sel BAR 










Q Bit 

6&7 

00 |ZonetoZone to Zone 

[| Numeric to Numerig ps 
ro 
[or 






Zone to Numeric 
Numeric to Zone 












Gate LSR Low 
Normal to A 


A 
Ci Zone Numeric Interchange 






were} Op Bit 4 
EB Cycle 
Gate LSR Lo A A 
Crossed to A C!3 and 4 
KG131 
Clock 8 1L1 Cycle 
A 
Clock 2 IL2 Cycle 
oc 
z . EB Cycle 
A 


Alter SAR Mode 











EB Cycle 


han Inhibit LSR Load 
Alter Display Storage Chan Inhibi a 


; a Naas 
|_| 


—-® | Nv Fast | Cycle 
‘ | | Clock 6 | 
H f 


KL111 

QO Bits 

6&7 
[00 [Zone vo Zone | 
101 [Numeric to Zone _ | to Zone 


1/O Not CE Test 


(not) Dummy Half Cycles 
Idle Time 


A or B Reg CHK 


LSR toAorB 
AND 


ALU] Move Zone 


Zone to Numeric _| to Numeric 


Numeric to Numeric 


ALU} Move Numeric 


a 


ALU Controls: 





NO ff WN - oO 





No Controls—Output Same As B Reg 


Y 
yO! Both And and Or—Output Same As A Reg 
EA Cycle 
C!5 Thru O 
KL121 
(not) Recomp! Cycle 
EB Cycle 
KL121 C!5 Thru O 
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ONE ADDRESS INSTRUCTIONS 
I-Cycles 

e@ Load operation code into op register. 
e@ Load QO code into O register and DRR. 


e@ Load B field address into BAR except for 
load address instruction. 


e@ Load index register for load address instruction. 


e Load B field address into ARR for branch 
instruction. 


Single address instructions require a maximum 
B field length of two bytes. Therefore, it is not 
necessary to maintain a field length count in the 
Q code for them. Because it is not necessary to 
maintain a field length count in the O code, the 
Q code can be used for controlling the functions 
necessary to execute the single address instruc- 
tions. Use of the Q code is discussed with the 
individual instruction descriptions. 


I-cycles for single address instructions are either 
three or four cycles in length. First, an l-op cycle 
transfers the operation code from main storage to 
the op register. Second, an !-O cycle transfers the 
Q code into the QO register and the DRR. 


Two cycles, an |-H1 and an I-L1 cycle, are then 
used to load the B field address into the BAR. 
For branch instructions, the B field address is 

also loaded into the ARR. For a load address 
instruction, and index register is loaded instead of 
the BAR. This is discussed with Load Address. 


If indexing is used, a single |-X1 cycle replaces 
the I-H1 and I-L1 cycles. 


l-op and I-Q cycles are the same as in 2 address 
instructions except the Q code is stored in the 
DRR instead of the LCR and LCRR. I-H1 and 
I-L1 cycles are the same unless the instruction is 
a load address instruction (refer to Load 
Address) . 


The need for an |-X1 cycles is determined by (1) 
either op bit O or 1, but not both, or (2) bit 2 or 3, 
but not both. The I-X1 cycle description and the 
index register selected are the same as in two 
address instructions. 


Any additional considerations made during the 
1-cycles are discussed with the individual opera- 
tion descriptions. 


The I-cycle description begins on page 5-3. 


Move Logical Immediate—MVI 


Bits 01234567 

Op Code xx 11143100 

e@ Move the OQ code byte to the B address storage 
location. 


The move logical immediate operation moves the 
byte of data which is contained in the Q code 
portion of the instruction to the B address storage 
location. Since only one byte is being moved, the 
operation is executed with a single B-cycle. 


During the B-cycle, the storage location is 
addressed by the BAR, and at clock 3 and 4 time 
the DRR is transferred to the A register. 


Gate LSR Lo Normal To A (DRR) 


BSM Write 
Main 
Storage A 
Register 
Binary Subtract 
Binary Compiement 
A Register 
Select 
DRR 
and 
LCR LSR LSR 
Hi Lo 


The DRR contains the OQ code that was stored in it 
during the I-OQ cycle. The data in storage, if any is 
present, is not transferred to the B register and the 
A register is binary added to the zeros in the B 
register. The result is written into the B address 
location. The op-end trigger is then turned on and 
the operation ends. 


Compare Logical Immediate—CLI 


Bits 0 
x 


1234567 

Op Code x 11171710 «+1 

e Compare O code with byte in B address storage 
location. 


The compare logical immediate operation compares 
the byte of data that is contained in the Q code 
portion of the instruction with the B address 
storage location byte. Since only one storage 
position is involved, the operation requires a single 
B-cycle. 


The operation is similar to a move logical operation 
except the B address byte is loaded into the B 
register and the O code byte is binary subtracted 
from it. 


Gate LSR Lo Normal To A (DRR) 
Gate SDR To B 


B A 
Register Register 


Binary Subtract 


Main CR 
Storage 


Select DRR 
and LCR LSR LSR 
Hi Lo 


5-38 


The results are not entered into storage but are 
used to set the condition register. 








Equal Low High 
B address byte 
is lower than 


QO byte 


B address and 
QO bytes are 
equal 


B address byte 
is higher than 
Q byte 








Move Logical Immediate or Compare 
Logical Immediate 


Objectives 


Move Logital Immediate 


Bits 0 
x 


2345 
Op Code 11171 


1 6 7 

x 00 

e Store the O code, which is located in the Data 
Recall Register, in the location specified by the 


B address register. 


Compare Logical Immediate 
Bits 01234567 
Op Code x x 111101 
@ Compare the QO code, which is located in the 
Data Recall Register, with the data in the 


location specified by the B address register. 


e Record the result of the comparison in the 
condition register. 















MOVE LOGICAL IMMEDIATE OR 
COMPARE LOGICAL IMMEDIATE 





Second level 
diagrams are 
on the next 

two pages 















Requires single B cycle 


Clock 0 


Address Storage 








Activate ‘EB cycle’ 
























Move 
logical immediate 
operation 


RN131 





Activate ‘store 
data group’ 


KL121 


Activate ‘sel BAR’ 


KC142 


Activate ‘load SAR’ 





Activate ‘new 
data to storage’ 


Address translation 
description is on 
page 2-54 


Address xlate active 


Address Storage 


Clock 1 & 2 





Set condition 























register to 

equal for one 
ee Compare : | 
logical immediate Activate ‘CR equal 
operation 
| 
Clock 3 & 4 | 
RN131 _I 


Move: Move DRR 


to storage KL121 










Conditioned 
by ‘bin and 
or sub not 
move’ 


Compare: Compare ORR 
with storage 


Activate ‘sel ORR 


and LCR’ 





KG131 


Activate ‘gate LSR 


; Load DRR into A reg 
lo normal to A 





KY121 


Activate ‘bin sub gate’ 



















Move 
logical immediate 
operation 







Activate ‘inhibit 
SDR transfer’ 


Activate ‘bin 
comp A reg’ 




















Activate ‘gate 
SDR to B’ 








| ‘BSM select’ enters 


Activate ‘BSM Write’ 
data at clock 5 


Clock 5&6 


Set condition register 


BAR is decremented 
from 5 to 8 time but 





Move 
logical immediate 
operation 


is insignificant for 
this operation 





KG111 


Activate ‘CR hi’ 


Activate ‘CR Jo’ 


Clock 7&8 


End operation 


Turn on ‘op end’ trigger 


END OF OPERATION 
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Move Logical Immediate 


Single EB Cycle Instr 









Op Bit 4 
EB Cycle 
Ciock 3 and 4 
(not) Zone-Num Interchange 









EB Trigger Gate LSR Lo Normal To A 





MVI-Hex YC 


x KG131 Bits 0123 45 67 


OpCode X X 111100 



























EORSO0a 


KD131 


Main Storage Machine Cycle 





(not) 3€ to 5C Gisey ea ees 
Bin Sub BSM Select Ft KC132 
Load SAR F142 

BAR Select ee) KL 121 

eo Bin Compl A Reg LCR/DRR Select eae oe KL121 
Aux ALU Out ee A Reg Input a 
x BSM Write Gane a 
ee eee ea KY121 

ALU Gating Ckts Bin Compt A Reg Ee ere nil 2 

Bin Sub Gate Lee) KY 121 
EB Cycle een Set DRR Q Code Load ALU fF AV 132 
(not) Significant Digit (10 Cycle) ALU Output (DRR) AV 142 
Not Edit Instr a [few Date to Storage FL BSM Write Rena 
| ork Op End Epes Pe caceelevaes a K0131 

KYI11 cls fol 1}2}3]{4{s]e]7| 


Store Data Group New KC132 
Op Bit 6 (not) Recomp Cycle 
Sel BAR EB Cycle 
e , 
(not) Op Bit 7 BAR (high) BAR (low) A Cl 5 Thru O 
(not) Test On or Ot . Pol 2 [e[slel lol als [+Tslel7 | 
L121 ; 
(not) Op Bit 6 Op Bit 4 
RN131 Bin Add or Sub Group ri 
(not) Halfword Format Op Bit 5 
KY121 
EB Cycle 
(not) LSR Display Gate z Odd CD 
Ct 3 and 4 
(not) Op Bit 4 A 16 + 2P Op Bit 4 
A Halfword KL121 
One Address Non-Branch Format 


RN111 


Bin Compt A Reg 5 
p Bit 5 
Fe Ee (not) Op Bit 7 
EB 3C to 5C 
fal 


Compare Logical Immediate 
Invalid Address 


(not) Recomp! Cycle 


Inhibit SDR Transfer Single EB Instr 















A 
eSerer EB Trigger 
Wait State 
System Reset 
(not) 3 and 4 KD131 Op Bit 4 
not} Jan te SDR toB 
2 Gate LSR Lo Normal to A EB Cycle 
Alter SAR or Storage Ci 3 and4 
1/0 Block SDR (not) Zone - Num Interchange 


KG141 







Main Storage 


Wait state 


















ALU Blank 
Alt/Disp| ATT/PMR 





Bin Add or Sub No Move EB ‘a CR Equal 
Cl 5B FL 
L AR 
Phase DE oad $ x EB Cycle CR Equal (not) 3C to 5C 
Q Bin Add or Sub No Move EB KG101 Bin Sub Op Bit 4 


Op End Gate 






Bin Add or Sub Group 


[ns CR Low 
CR Lo/Hi KY121 
FL 
High 
Ns] Ld a LCR High 
KG111 


Edit Instr 
Arith Carry Out 


EB Cycle Q Code 













Op Bit4&5 
Bin Add or Sub Not Move First E Cycle 


Op Bit 7 Cl 1 and 2 A 

























(10 Cycle) 
C!1and2 Sel DRR 
Load CR Instr A Reset CR 
First E Cycle Lov i273 14 [5 [6] 7] 
KG101 | Bits 01234567 ALD 
(not) LSR Display Gate beatae ten CLI Op Code X X111101 Reference 
oe Clock esa KC122 
(not) Op Bit 4 Cl 3 and 4 z Bsn élack pe geass 
ie Halfword Format iN toad SAR oy yeas 
One Address Non-Branch KL121 BAR Select J Ki 191 
DRR Select P| L121 
(not) Recompl Cycle B Reg Input (SDR) | RA101 
Pee eee BAR (high) BAR (low) AcRegtapantOR ey) | RAT 
CI5 thru 0 Load A and B Reg | | RA101 
2/3 7 3 5 7 
Poti f2ft3i4a{s]el7]joj1{2{3{4]5]6] 7] Riceaverinncsa LS eal ee 
Load ALU | A132 
ALU Output (to CR) trea AV 142 
CR Reset | KGI11 
CR Set a 
Op End ean | KD131 
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Set Bits On/Off Masked and Test Bits 
On/Off Masked (Part 1 of 3) 


Set Bits On Masked—SBN 


e Place bits that are present in the OQ code into 
the B address storage location. 


e Do not change the remainder of B address byte. 


The set bits on masked operation, turns on the 
bits in the B address storage location that cor- 
respond to the QO code bits. Bits that were already 
on in the B address byte are left on. 


Example: QO Code Byte 11000111 
B Address Byte 10010010 
New B Address Byte 11010111 


The operation requires a single B-cycle and ORs 
the OQ code byte, which was stored in the DRR 
during the !-O cycle, with the B address byte. 
The result is written into storage. The op-end 
trigger is turned on and the operation ends. 


Set Bits Off Masked—SBF 


e Remove bits that are present in the Q code from 
the B address storage location. 


@ Do not change the remainder of the B address 
byte. 


The set bits off masked operation turns off the 
bits in the B address storage location that cor- 
respond to the O code bits. The rest of the bits 
in the B address byte are left unchanged. 


Example: Ocode byte 11000111 
B address byte 10010010 
New B address byte 00010000 


The operation requires a single B-cycle and ANDs 
the B address byte with the binary complement of ; 
the Q code. The result is written into storage and 
the op-end trigger is turned on to end the oper- 
ation. The O code was stored in the DRR during 
the !-O cycle of the operation. 


Gate SDR to B Gate tSR Lo Normal to A (DRR) 


B A 
Register Register 
Main 
Storage 
QR 
Select DRR and LCR LSR LSR 
Hi Lo 


Gate SDR to B Gate LSR Lo Normal to A (DRR) 


B A 
Register Register 


Main 
Storage AND 


Binary Complement 
A Register 


Select DRR and LCR LSR LSR 
Hi Lo 


Test Bits On Masked —TBN 


e Activate ‘CR test false’ if bits present in the Q 
code are not all present in the B address storage 
location. 


The test bits on masked operation tests to 
determine if all bits present in the O code are also 
present in the B address storage location. If they 
are not, the ‘CR test false’ latch is turned on. 


The operation requires a single B-cycle and uses 
the ‘OR’ control line in the ALU. The QO code is 
transferred from the DRR to the A register and the 
B-field byte is loaded into the B register. Any bit 
in the A register that is not present in the B 
register gives a ‘test false’ output. The results are 
not written into storage but are used merely to set 
the condition register. 


Test Bits Off Masked—TBF 


e Activate ‘CR test false’ latch if any bits present 
in the OQ code are also present in the B address 
storage location. 


The test bits off masked operation tests to determine 
if all bits present in the OQ code are absent from the 

B address storage location. If they are not, the 

‘CR test false’ latch is turned on. 


The operation requires a single B-cycle. The O 

code is transferred from the DRR to the A register. 
The A register is binary complemented and the AND 
control line in the ALU is used to give a ‘test 

false’ output for any bit in the Q code which has a 
corresponding bit in the B address byte. The 

results are not written into storage but are used 
merely to set the condition register. 
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Gate SDR to B Gate LSR Lo Normal to-A (DRR) 


B A 
Register Register 
Main 
Storage 
OR 
Test False 


Select DRR and LCR LSR LSR 
Hi Lo 

Q Code Byte 01 00 000 

B Address Byte 0 1 O O 0 1 0 


Test False 


Gate SDR to B Gate LSR Lo Normal to A (DRR) 


B A 
Register Register 


Main 
Storage AND 


Binary Complement 
A Register 


Test False 


Select DRR and LCR LSR LSR 
Hi Lo 


QO Code Byte 0 00000 0 


B Address Byte O 0000 1 0 


Test False 


Set Bits On/Off Masked and Test Bits 
On/Off Masked (Part 2 of 3) 


Objectives: 


Set Bits On Masked 


Bits 0 
x 


1234567 

Op Code x 11101C 

e If abit is present in the Q code, turn on the 
corresponding bit in the storage location 


specified by the B address register. 


e@ Do not change bits which correspond with bits 
not present in the Q code. 


Set Bits Off Masked 
Bits 01234567 
Op Code xx 11101 1 
e Ifa bit is present in the QO code, turn off the 
corresponding bit in the storage location 


specified by the B address register. 


e Do not change bits which correspond with bits 
not present in the OQ code. 


Test Bits On Masked 
Bits 01234567 
Op Code x x 111000 
e Ifa bit is present in the QO code, test to see if 
the corresponding bit in the storage location 


specified by the B address register is on. 


@ Ignore bits that correspond with bits not 
present in the OQ code. 


@ Turn on ‘test false’ latch if selected bits are 
not all on. 


Test Bits Off Masked 
Bits 01234567 
OpCode xx 111001 
e Ifa bit is present in the Q code, test to see if 
the corresponding bit in the storage location 


specified by the B address register is off. 


@ ignore bits that correspond with bits not 
present in the O code. 


e Turn on ‘test false’ latch if selected bits are 
not all off. 










SET BITS ON/OFF MASKED 
TEST BITS ON/OFF MASKED 






Requires single B Cycle 


Clock O 








Address Storage KD111 


Set bits 
on/off masked 
operation 


Yes 


| RN131 


Activate ‘store 
data group’ 


KY111 


Activate ‘new 


data to storage’ 





KL121 


Activate ‘sel BAR’ 








Activate ‘load SAR’ Address translation 
description is on 

Clock 3&4 page 2-54 
Set bits on: Combine 


DRR with storage. 


' Yes 
Address xlate active 


Set bits off: 
Complement ORR and 


Select xlate reg 


combine with storage. 


Test bits on: Compare 
bit positions on in 
DRR with same 
positions in storage. 


Address Storage 


Test bits off: Compare 


the complement of KL121 
bit positions on in Activate ‘sel 
DRR with same DRR and LCR’ 
positions in storage. 

KG131 







----p>—— 


Activate ‘gate LSR ; 
| Load ORR into A reg 


lo normal to A’ 





KG141 


Activate ‘gate SDR to B’ 





Activate ‘bin 


comp A reg’ 






Set bits on 
or test bits on 
operation 





No 


KY 121 





KY 101 


Yes Activate ‘and gate’ 


KY101 


Activate ‘or gate’ 









Test bits 


Test bits on: A Reg bit 


and (not) B Reg bit. 


Test bits off: A Reg bit 


and B Reg bit. 


on or test bits off ue 
operation Test false for any bit 
No 
KC132 KC132 Yes 








"BSM select’ enters 


i ‘BSM write’ 
datacat clock Activate 'BSM write 





Clock 7&8 









End operation 


END OF OPERATION 


Set Bits On/Off 


Machine Cycle 

Clock 

BSM Select 

Load SAR 

BAR Select 

DRR Select 

B Reg Input from SDR 
A Reg Input from DRR 
Load A and B Reg 
Load ALU 

ALU Output to SDR 
BSM Write 

Bin Compl A Reg (Set Bit Off) 
ALU Contol (And/Or) 
Op End 


Turn on ‘op end’ trigger 


KG121 


Activate ‘CR test false’ 





CPU Instructions 





BAR is decremented 


from 5 to 8 time but 


is insignificant for 
this operation 


ALD Reference 


KC 122 
KC132 
KC142 
KL121 
KL121 
RA101 
RA111 
RA101 
AV 132 


5415 TMD 
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Set Bits On/Off Masked and Test Bits 
On/Off Masked (Part 3 of 3) 


Main Storage 


BSM Write 
cl4cD 


New Data to Storage EL 





CI8 

KC132 
EB Cycle 
(not) Significant Digit 
(not) Edit Instr A 
Store Data Group New 

KY111 
Op Bit 6 
(not) Op Bit 7 
(not) Test On or Off < 
(not) Op Bit 6 

RN131 

16 + 2P (not) Halfword Format 


(not) Recomp! Cycle 


EB Cycle 
Cl5 Thru O 


Single EB Cycle Instr cis Op End 





EB Trigger 


KD131 





Gate SDR to B 
(not) Recomp! Cycle 
Inhibit SDR Transfer 
EB Cycle 
(not) 3 and 4 Time 
Wait or Alter-Disp 
ATT - PMR 
System Reset 
Alter SAR or Storage 
1/O Block SDR 
Invalid Address 


N 
Aux ALU Out 


| ~ 


BAR (high) 


oj 12]aj4}sje]7| 
eae! 















Test False 


ALU Gating Ckts 


Test Bits On/Off 


Machine Cycle 2 


Clock 

BSM Select 

Load SAR 

DRR Select 

BAR Select 

B Reg Input (SDR) 

A Reg input (DRR) 
Load A and B Reg 
Load ALU 

Bin Compl A Reg (test bit off) 
ALU Control (and/or) 
ALU Output (test false) 
CR Control 

Op End 


Op Bit 4 









EB Cycie 
Cl 3 and 4 






Gate LSR Low Normal to A 





Set Bits On 


OR (not) Zone Num Interchange 
Test Bits On KG131 


Set Bits Off 


Test Bits Off 
Set Bits Off 






Bin Comp 
A Reg 


A {Cl 3 and 4 


(not) LSR Display Gate 
Test Bits Off 
KL121 


A i 
Test Bits On or Off 


Q Code (10 Cycle) 


A Clock 6 
z= IN Fast | Cycle 
KL111 





LSR Write Lo 


Clock 8 


EAR tow 
PDP Ts [7 


LSR Write Hi 





B Halfword Format 
EB Cycle 


Dummy Half Cycles 
A or B Reg Chk 


LSR to Aor B 


1L1 Cycle 
ie 
Clock 2 | IL2 Cycle 
EB Cycle 


KL111 Alter SAR Mode 


ALD 
Ref 


KC122 
KC132 
KC142 
KL121 
KL121 
RA101 
RA111 
RA101 
AV 132 
KY121 
KY 101 
AV 142 
KG101 
KD131 


(not) Op Bit 4 


One Address Non Branch 


Channel! Inhibit LSR Load 














1/0 Not CE Test 
Idle Time 
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Store, Load, or Add to Register 
(Part 1 of 4) 


Store Register — ST 


Bits 0 
x 


1234567 

Op Code x 110100 
@ Store the registers that are selected by the Q 
code into the location specified by the BAR. 


The store register instruction stores an LSR in the 
B field storage locations. LSR selection is divided 
into two different groups depending upon the 
presence or absence of Q bit 0. 











Register Selected 
Code 





Bits 

1 Interrupt 1-1AR 

2 Interrupt 2-IAR P-IAR 
3 Interrupt 3-IAR IAR* 
4 Interrupt 4-IAR ARR* 
5 Interrupt 5-IAR PSR 

6 Interrupt 6-IAR XR2 
7 Interrupt 7-LAR 


Note: When Q bit 0 = 1 and all other Q bits = 0, 
Interrupt O-IAR is selected. 


* Current registers in use. Can be program level 
or any interrupt level registers. 


Since the LSRs are two bytes long, the store register 
instruction requires two B cycles. During the first 

B cycle, the Q register selects the LSR and the low 
order position is transferred to the A register. The 
A register is binary added to the B register (all 
zeros). This moves the LSR byte through ALU 

and into storage. 


The BAR is decremented and in the second B cycle, 
the high order byte of the LSR is moved. The 

‘op end’ trigger is then turned on and the oper- 
ation ends. 























{not) Ist B Cycle 
OR Gate LSR Hi to A 
ist B Cycle 
Gate LSR Lo Normal to A 
OR 1 
A 
Register 
Main ' BSM Write 
Lp ns 
Storage 


Binary Subtract 


oe 


Binary Complement 
A Register 


Q 
Register 
Decode 











(Setects LSR) 


Load Register — L 


Bits 0 
x 


1234567 

Op Code x 11010 1 
e@ Load the registers that are selected by the Q 

code with data from the location specified by 


the BAR. 


The load register operation loads an LSR with the 
contents of the B field storage locations. LSR 
selection is the same as for a store register oper- 
ation. 


During the first B cycle, the Q register selects the 
LSR and the first B field byte is passed through 
the ALU without any ALU controls. The ALU 
output is then written into the low order position 
of the LSR. 


Gate SOR to B 






8B 
Registers 


Main 
Storage 

















Q 
Register 
Decode 






(Selects LSR) 


(not! Ist B Cycle 
LSR Write Hi 


Ist B Cycle 
LSR Write Lo 


The BAR is decremented and in the second B cycle, 
the next byte is written into the high order position 
of the selected LSR. The ‘op-end’ trigger is turned 
on to end the operation. 


If the LSR selected by the O code is the PSR 

(Q bit 5 and not bit 0), an additional function is 
performed. Since the PSR low order position is 

used as the CRR, the CR is also set by the ALU 

output during the first B cycle. 


CR setting for Load PSR 






CR 
Results 











7 Equal 

6 not 7 Low 

not 6 not 7 High 

2 Binary Overflow 
3 Test False 


Decimal Overflow 


Add to Register — A 


Bits 0 
x 


1234567 
Op Code x 110110 
e Add the data from the location specified by the 
BAR to the contents of the registers that are 


selected by the OQ code. 
e Load the results into the selected registers. 


The add to register operation adds the B field to an 
LSR and loads the result into the LSR. LSR 


selection is the same as for a store register operation. 


During the first B cycle, the O register selects the 
LSR and the low order position of the LSR is 
transferred to the A register. 


ces In} Sate LSR HitoA 





1 

| eae |Gate LSR Lo Normal to A; 
Gate SDR to B i 
4 ~ = 


1B 
Reg- 
; ister 









| Main 
, Storage \ “\S 


|| % 


== =F] 


ad: | (selects LSR) 


ister | 


ecode 
(not) 1st B Cycle LSR 
ae Write Hi) | 


1st B Cycle” SR 


or} Write Lo 





Subtract 
Binary 
Complement 
A Register 
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The first B field byte is loaded into the B register 
and binary added to the A register. The results 
are written into the low order position of the LSR. 


The BAR is decremented and the process is 
repeated for the high order position of the 
LSR. The ‘op-end’ trigger is turned on to end 
the operation. 


The results of the addition are also used to set the 
condition register. 








Binary 
Overflow 


















Result is No Carry | Carry andj Result too 

zero and non- | non-zero | large for 
zero result register (no 
result high order 


carry) 


Store, Load, or Add to Register (Part 2 of 4) 


LOAD, STORE, OR 
ADD TO REGISTER 






Requires 2B 








































Clock 0 
Address storage KD111 
Activate ‘EB cycie’ 
Ist 
mare Yes E cycle 
KD121 of operation 
Activate ‘Ist E 
cycle’ No KD121 
Deactivate ‘Ist 
E cycle’ 
Yes Store 
regtster 
RN131 operation 
Activate ‘store 
data group’ No 
KY111 KL121 
te’ 
to storage 
Activate ‘load 
SAR’ 
Address translation 
description is on 
page 2-54 
Address xlate 
active 
Select xfate reg 
Clock 1 & 2 


Address storage 


Set CR to equal 

on Ist cycle of add 
to register operation 
or load CR opera- 





RN111 
10n f 
Load CR operation 
i is Q bit 5 (not) 
Add™ QbitO 
No to register oper oe 
ation or load 
operation 
Yes 
Ist 
E cycle Yes 
of Operation KG101 
No Activate ‘CR equal’ 
Clock 3&4 


Pertorm opera- 
tion objectives 





KL101 


Activate ‘gated 


P1/P2 reg instrs’ 














Q 
register 
bit 


Load 


No register 


































Q Operation 
register Yes 0 Ist 
bit K Yes 
: T131 Yes KL131 KG131 cycle 
‘ Activate ‘TAR/ARR Activate ‘EB inter * Activate ‘gate LSR 
2 P2 seld’ or ‘ARR/ re , . 
g inst hi toA Yes 
(AR P2 seid’ KG131 
Activate ‘gate 
LSR lo normal 
a a to A’ 
register register Yes 
bit KL101 bit KM111 
2 1 
‘ KY121 
Activate ‘PT 1AR/ Activate ‘sel |AR/ : 
ARR’ or ‘P1 No ARR inter 1° or Activate ‘bin sub 
ARRIER: ‘sel ARR/IAR gate’ and ‘bin 




































inter 1° : comp A reg’ 
KG141 
KL141 Q 
Activate ‘gate 
Could be any |AR, register SOR toB’ Store 
O whichever is current | bit KM111 bs register 
2 
register Yes Actuate ‘sel 1AR/ operation 
bit KL1411 ARR inter 2’ or 
3 ‘sel ARR/IAR Yes an121 
No Activate ‘IAR seld’ inter 2° Vst 







Activate ‘inhibit 


| SOR transfer’ 


E cycle Yes 



























Q of operation 
register Yes KC1 32 
bit KM101 N Activate 'BSM 
Q 3 Activate ‘sel 1AR/ REN write’ 
register No ARR inter 3' or Activate ‘LSR | 
bit KL141 ‘sel ARR/IAR write high’ 
inter 3° 
Activate ‘ARR seld’ KL101 
Q Activate ‘LSR 
register Yes write low’ 
KL121 bit 
4 
PSR isused asthe 14 ae Acuvate ‘sel 1AR/ 
CRR andthe LCRR ! ARR inter 4’ or 
Q KG101 


‘sel AAR/IAR 
mter 4° 





register 
g Deactivate ‘CR 















mt No Add equal’ 
to register 
Activate ‘sel PSR’ Q oe Yes operation 
= absent KT141 
Sel ‘1AR/ARR ves Ves 
inter 0° 
Q ALU No 
register output No 
bit KL141 blank 







Activate ‘XR2 
seld’ 


No Arith 
binary 
carry 






Clock 5 & 6. 


Set CR and decrement 
low order of BAR 


KG111 Ves KG411 


<i> 
Yes 


Q 
register 
bit 















Activate 'XR1 
seld’ 







CR No 


operation 


Yes 
AV 202 


Yes 


ALU bit 7 


No 
AV202 


Yes 


ALU bit 6 


N. 
No KG111 


Activate ‘CR hi’ 


AV 222 


Yes 


ALU bit 2 


AV222 


Yes 


ALU bit 3 


AV212 


Yes 


ALU bit 4 


—— 


Load MoE Se 


RN111 
Q bit 5 (not) 
Qbit 0 

KG111 


Activate ‘CR Jo’ 









Activate ‘CR bin 
overflow’ 






KG121 


Activate ‘CR test 
false’ 








KG111 


Activate ‘CR dec 
overflow’ 


KG111 


KY131 




















If add to register 
operation and com- 
Pputation results in 

a carry, ‘digit carry’ 
« activated to give 
‘auith carry out’ at 
next clock 3C - 5C 


KL121 


Activate ‘sel BAR’ 


KG141 


Activate ‘gate LSR 
lo to B’ 









Activate ‘misc bit 
Tio 







Activate ‘bin sub 
gate’ 





Activate 'LSR 
write low’ 





| 


Clock 7 & 8 


Decrement high 
order of BAR 


KL121 









Activate ‘sel BAR’ 


Activate ‘gate LSR 
hi to B’ 


Activate ‘bin sub 
gate’ 


Ist 
No E cycle 
KD131 of operation 


Turn on ‘op end’ 
trigger Yes 


KL101 
Activate ‘LSR 
write high’ 


Ist 
E cycle 
of operation 
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Store, Load, or Add to Register 
(Part 3 of 4) 


Op Bit 5 


(not) Op Bit.4 
(not) Op Bit 6 and Not 7 


inhibit SOR Transfer 
EB Cycle 


(not) Recomp! Cycle 


Wait or Alter-Disp ATT-PMR 


System Reset 


Wait state 





Alt/Disp!| ATT/PMR 


Phase DE Load SAR 


KC142 
Op Bit 6 
(not) Op Bit 7 
(not) Test On or Off 


(not) Op Bit 6 
RN131 


(not) Op Bit 4 
(not) Op Bit 7 





1 Address Non-branch 


Cl 5 and6 


Wait State 


Fast I-Cycle a 
System Reset 


Ci 7and8 


Ci 1 and 2 


EB Cycle 


Main Storage 


1 Address Nonbranch 
(not) 1st E Cycle 






EB Trigger 


Invalid Address 


(not) Cl 3 and 4 
Alter SAR or Storage Gate SDR to B 
176 Block SDR 4 














KG141 


New Data to Storage 


(not) 3C to 5C 
EB Cycle 


Bin Add or Sub group 


KY 141 


Gate LSR LotoB fn 


Gate LSR Hi to B 


KG141 


bs) 

















BSM Write 








5 
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EB Cycle 


: (not) 1st E Cycle 
Gate LSR HitoA 


EA 
1 Address Format Eliminate 
EB CI5 and6 










Gate LSR Lo Normal to A A Add to Reg or Store Instr 
1st E Cycle 


1/O Not CE Test 


CE Test No Increment 
Wait State 
System Reset 















Fast I-Cycle 


EB 3C to 5C 






(not) Op Bit 7 
(not) Op Bit 4 
1 Addr Non Branch 





Bin Add Group 


















|p ~poelelapetn je lo] 


Bin Comp! A Reg 


FL Odd CD 
Bin Sub Gate - 


KY121 
Q Code (1-O Cycle) 















Aux ALU Out 
Clock 8 ee 
f ALU Gating Ckts N 
A IL2 Cycle 
, Clock 4 
os (not) 1st E Cycle EB Cycle 
LSR Write Hi 
: A 
LSR Write Lo _ | | Half Word Format New 
EB Cycle 
LSR Hi LSR Lo LSR Select Q Ny] 
(selected by O code) (selected by Q code) De- = Clock 4 Alter Display storage 
Channel Inhibit 
Bo Fast I-Cycle LSR Load 
A|  |Clock6 
LSR Write Low a a 1/O Not CE Test 
Idie Time 
EB Cycle peer 
Dummy Half Cycles 
CI5 ThruO 
BAR (high) BAR (low) BAR Sel A | (not) Recomp! Cycle A or B Chk 
LO} if 2 3f4[5[e]7] of if 2] 3] 4] 5] 6] 7 A 


ae ae = 


4 
qa 
t 


Store, Load, or Add to Register 
(Part 4 of 4) 


Machine Cycle 1st EB 2nd EB ALD Reference 


Clock KC122 


BSM Select KC132 


Load SAR KC142 


BAR Select KLi21 


PILI ALIIL LI LLL | 


LSR Select (Determined by Q Code) fn 


VILILILI ILRI ALLA | 


Add and Store Reg ee 


Add and Store 


A Reg Input VILILIILI IIL ALLI LL LL | 


RA111 


load A and B Reg RA101 


Bin Compl A Reg 


Add and Store Reg sa ev a4 
(T] Tl rT (T/T KY101 


: Add and Store 
Bin Sub Gate 


Paes Bc eee i Ne ee —— ie 


(CLILIMALILALILLAAL VAL 


fe. 4 Add and Load Reg (SOR)| BAR Lo Po 
Y777TTVITTIT777777 















Condition Register 


Load PSR If ALU bit 7 If ALU bit 6, not 7 If ALU not bit 6 or 7 If ALU bit 2 If ALU bit 3 If ALU bit 4 


LSR Selection 
O Code bits Q bit O=1 With No QO bit 0=0 
Interrupt 1-IAR P-IAR 


Interrupt 2-IAR 
If Result is too large 
for Register (no high 
order carry) 










Current IAR 


Interrupt 5-[AR 
[No other bits | Interrupt O1AR_|—————— 


Interrupt 3-1AR 
Interrupt 4-IAR 


If Result is not zero If Result is not zero 
and a high order carry and no high order carry 





Add to Register If Result is zero 
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Load Address—LA 


Bits 01234567 

OpCode 11x x0O010 

e Load one or two bytes from storage into one 
of the two index registers. 


e If instruction format is four bytes, load two- 
byte address into index register selected by Q 
code bits 6 and 7. 


e@ If instruction format is three bytes, add last 
instruction byte to index register selected by 


op code bits 2 and 3. 


e Load result into index register selected by Q 
code bits 6 and 7. 


Index Register Selection for Load Address 


OQ Code Bit Register Selected 
6 XR2 
7 XR1 


e Take I-H and !-L cycles (four byte format) 
See Page 5-8 
@ Take I-X cycle (three byte format) 


See Page 5-12 


LOAD ADDRESS 
i 1-Op cycle page 5-4 [ 
i 1-Q cycle page 5-4 


Instruction 
format 




















Indexed (3 bytes) 






Direct (4 bytes) 


f I-H, I-L cycles page 5-8 ! i !-X cycle page 5-12 ; 


The load address instruction performs one of two 
possible operations, depending on the instruction 
length. If the instruction is four bytes long, the 
last two bytes of the instruction are taken from 
storage and loaded into the index register 
selected by bits 6 and 7 of the QO code; if the 
instruction is three bytes long, the last byte of 
the instruction is taken from storage, added to 
the contents of the index register selected by bits 
0-3 of the op code, and then loaded into the index 
register selected by bits 6 and 7 of the O code. 


Load Address Data Flow—Not Indexed 







B 
Register 






Main 
Storage 













Gate SDR to B 


LSR Write Hi (I-H1) 


LSR Write Lo (1-1) 


XR1 Selected (QO Bit 7) 
XR2 Selected (Q Bit 6) 


Load Address Data Flow—Indexed 


Gate SDR to B Gate LSR Lo Normal To A 


Main B A 
Storage Register Register 


Binary Subtract 


Binary Complement 


A Register 


XR1 Selected or XR2 Selected LSR LSR 
(selected by op code) High Low 


A four byte format requires one I-H1 cycle and one 
I-L1 cycle. During the I-H1 cycle bits 6 and 7 

of the QO code select one of the two index registers. 
Bit 7 only being on selects XR1, bit 6 only being 
on selects XR2. Data is transferred from the 
storage position addressed by the IAR to the B 
register, through the ALU, and into the high order 
position of the selected index register. The IAR is 
incremented and during the I-L.1 cycle the process 
is repeated for the low order position of the index 
register. 


A three-byte format requires going through only 
one I-X cycle. Data is transferred from the storage 
location address by the !AR to the B register and 
at clock 3 time is added to the contents of the 
selected index register (bits O through 3 of the op 
code). Bits 6 or 7 of the Q code selects one of the 
index registers at clock 4 time and the sum in the 
ALU is loaded into that register. The JAR is incre- 
mented for the next operation. 










B 
Register 


A 
Register 







Binary Subtract 








Binary Complement 
A Register 


XR1 Selected or XR2 Selected 
(selected by OQ code) 


Clock 4 
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Branch On Condition—BC 


Bits 01234567 

Op Code 11x x 0000 

e Condition register is tested for the condition 
specified in Q code. 


e Branch to address is placed in ARR. 


e Branch to address becomes next sequential 
instruction, 


The branch on condition operation loads the 
two byte branch to address into the ARR. If 
the condition specified in bits 2 through 7 of 
the Q code is satisfied, an IAR/ARR interchange 
occurs at op end. The ARR is then used as the 
IAR. 


Bit O of the O code is used to specify if the branch 
is to be performed on condition true or condition 
false. If bit O is on and at least one of the con- 
ditions specified by the O code is present, the 
branch is performed. If bit 0 is off and all con- 
ditions specified by the Q code are missing, the 
branch is performed. 


During the |-O cycle, the Q code data is trans- 
ferred from storage, through the B register, and 
into the ALU. The contents of the condition 
register are decoded and enter the ALU through 
the A register. An ALU AND function is per- 
formed (both input bits must be the same to 
get an output), and the output is checked for 
nonzero. The result is placed in the Q register. 
B register bit 0 indicates whether or not an ALU 
sum of zero or not-zero is needed to satisfy the 
branch condition. The following list shows the 
function of each O code bit when testing the 
condition register. 


Q Bit Condition Tested 

0 Presence of Condition 
Not 0 Absence of Condition 

7 Equal 

6 Low 

5 High 

4 Decimal Overflow 

3 Test False 

2 Binary Overflow 


During the I-H1 cycle, the ARR is selected and the 
high order position of the branch to address is 
transferred from storage through the B register, 
ALU and into ARR high. The IAR is incremented 
and the process is repeated for the low order 
position. 


Gate SDR To B 


Main B A Miscellaneous en 
Storage Register Registel Bits ToA 
AND 
ALU 
Au 
Zeros Op Er End 


B Register Bit 0 
7 


IAR Selected 


BRANCH ON 
CONDITION 


!-Op cycle 
page 5-4 


t-O cycle 
page 5-4 


Instruction Indexed 
Format 













I-H, I-L cycles 
page 5-8 


1-X cycle 
page 5-12 





Branch 
condition 
satisfied 


JAR/ARR Interchange 
page 2-39 


END 


Tested during 1-O cycle. 


Activates Br-skip True F 
(page 2-39) KD151 
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Store CPU (SCP) 


Bits 01234567 

Op Code xx 1111410 

@ Place the contents of the register selected by 
the O code into the B field storage location. 


@ This is a privileged instruction. 


The store CPU instruction is very similar to the 
store register instruction. It stores the register 
specified into the B field storage location. 
Registers selected by this instruction are divided 
into four groups depending on OQ bits 1, 2, and 3: 


1. Address translation/storage protect registers 
2. Program mode registers 

oS: Program check address register 

4. Program check status register 


The store CPU instruction requires two B-cycles. 
During the first B-cycle the QO register bits are 
decoded to select the required register. The first 
byte is transferred to the A register and the B 
register is left all zeros so the A register is binary 
added to zero to move the byte through ALU 
and into storage. 


The BAR is decremented and in the second B- 
cycle, the high order byte is moved. The ‘op-end’ 
trigger is then turned on and the operation ends. 
If the instruction is to store PMR, a second EB 
cycle is taken and data is transferred. The result 
is bits O through 6 are all zeros and bit 7 is set to 
PMR 19th bit. 





Op Code OQ Code 


701 23 45 67 «0 15 


B field starting 


address 


jf / X EB2 EB1 
/ to be moved to be moved 
/ / \ 
/ / XI | 
/ / \! \ 
/ / | l 





0 00 0}0 O O O] ATT and SPT reg 00 and 01 
000 1 02 and 03 


04 and 05 | Contents of odd 


joo 1 0 numbered register 
1 1 #1 +0 IC and ID 
171 1 «41 1E and IF 


Note: BitsO and 1 of the selected SPT register and bits 2 through 7 of the selected 
ATT register are stored into the B field storage location. 


0 

1 

100 1 tint 1 PMR 
71 7 +0 

11 1°41 








Contents of even 













numbered register 





Bits 0-6, all 
zeros 







Contents of 
selected register 






Bit 7, set to 
PMR 19th bit 
of selected 
register 













02 and 03 


04 and 05 


0 0 0 
0 






Contents of odd 
numbered register 


1 
1 0 Contents of even 


: 


numbered register 


1 71 71 =0 tC and ID 
11 717 ~=41 1E and IF 


Note: Bits O through 7 of the selected ATT register are stored. The SPT register 
is not affected, 


0 00 0 SPT Reg 00 and 01 


7 
eee 04 and 05 
1 1 £1 =°0 IC and ID 
11 1~«1 1E and (F 


Note: Bits O and 1 of the selected SPT register are stored. Zeros are stored in bits 
2 through 7. The ATT register is not affected, 
























Contents of odd 
numbered register 


Contents of even 
numbered register 


Main 


Storage 


Q 
Reg 
Decode 


BSM write 


(Selects Reg) 
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Gate LSR Lo Normal to A 


A 
Register 


Binary Subtract 


Binary Complement 


A Register 


Sere st ee 
ee ee 
a PMR s (9) | 






Program check 
—— fe 
Program check 
status reg 


LSR 





LOAD CPU (LCP) 


Bits 01234567 

Op Code xx i11%1%1441~=21 

e Place the contents of the B field (two bytes) 
into the register selected by the OQ code. 


e This is a privileged instruction. 


The load CPU instruction is very similar to the load 
register instruction. It loads a register with the 
contents of the two byte B field storage location. 


The Q codes used in the Store CPU instruction are 
also used for this instruction. In addition, three 
other O codes are defined only for a Load CPU 
instruction 


During the first B cycle the O register selects the 
register to be loaded. The first B field byte passes 
through ALU without any controls. The ALU 
output ts then written into the low order register 
position. 


The BAR is decremented and in the second B 
cycle, the next byte is written into the high order 
position of the selected register. The op-end 
trigger is turned on to end the operation. If this 
instruction is to load PMR, a second EB cycle is 
taken and data is transferred. Bit 7 is used to 
control the PMR 19th bit of the selected register. 
Bits 0-6 have no effect. 


The following pages further describe the Load/ 
Store CPU operations. 









Gate SOR to B 


x 


Main 
Storage 















Q (selects register) 
Decode 


SPT 





Program check 
address register 


Program check 
status register 


Op Code O Code 


701234567 


B field starting address 





oe v “ EB2 EB1 
A ye Y 
7 7 7 ‘ 
Y ra Fa Second byte First byte 
J 7 7 
Y gt Zw moved to moved to 
4 7 7 

/ yo ra : 
Be * ae | ' ' 
7 Ps 7 I ' 1 
I t 


7 


Oo 
Clo 


oO};oO 
— 


oO 
— 
oO 


o|o 
o|/ol— 
oO]—[-|O 
-—|-—|}o/o 
oO/O;O/|O 
oOjo}O;oO!|-> 
—{/O}/COJoO/O;O|7- 


© 
Oo} © 


“ “ 

0 O O OJATT and SPT Reg 00 and 07 
[000 1 02 and 03 
0010 04 and 05 


IC and 1D 
117 1 


IE and IF 
Notes: 


1. Operand bits 2 through 7 are loaded into the selected ATT register. 
Bits O and 1 are loaded with zeros. 

2. Operand bits 0 and 1 are loaded into the selected SPT register. 

0 O]Prog level PMR 















Contents of odd 
numbered register 


Contents of even 
numbered register 









































Int 0 PMR Bit 7 is used to Selected 
1001 Int 1 PMR control PMR register 
11711 O|Int6PMR 19th bit contents 

int 7 PMR 


Current PMR 
Program check addr reg 
Program check status reg 
ATT Reg O00 and 01 

02 and 03 

04 and 05 

IC and ID 


IE and IF 
Notes: 


1. Operand bits 0 through 7 are loaded into the selected ATT register. 
2. The SPT register is not affected. 


Chk addr reg hi Chk addr reg lo 


Chk status reg hi Chk status reg lo 





-—(clo;O|oO 









Contents of even 
numbered register 


Contents of odd 
numbered register 





—s 


‘Oo 
s 
_ 
—|° jlo 





02 and 03 
04 and 05 Contents of odd Contents of even 
1110 IC and {1D numbered register numbered register 


Notes: 
1. Operand bits O and 1 are loaded into the selected SPT register. 
2. The ATT register is not affected. 





1. Memory Diagnostic Fetch (Q Code X‘21') 


The data in the main storage location addressed 
is loaded into the program check address 
register. The storage location must begin with 
an odd address so that the proper two bytes 

are fetched. 


During the fetch, ECC is disabled so the program 
check register receives the exact contents of 
main storage. Because one bit errors now appear 
as uncorrectable errors, a status bit (bit 6) in the 
program check status register is set on. 


The first main storage byte (bits 0-7) is loaded 
into byte 1 of the program check address 
register; the second byte (bits 8-15) is loaded 
into byte 2. 


2. Memory FDR Reset (Q Code X‘22’') 


The fetch data register is reset to hex FFFF 
then loaded into the program check address 
register. 


The check bits are not affected and the ECC 
is not disabled. 


The storage location must begin with an odd 
address. Then the first main storage byte (bits 
Q-7) is loaded into byte 1 of the program check 
address register; the second byte (bits 8-15) is 
loaded into byte 2. 


3. Memory FDR Reset and Diagnostic Fetch (Q 
Code X‘23’) 


The memory check bits are loaded into bits 0-5 
of byte 1 of the program check address register. 
Bits 6 and 7 of byte 1 and all of byte 2 will 
contain 1's. 


The storage location must begin with an odd 


address so that the proper two bytes will be 
fetched. 
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Load/Store CPU (Part 1 of 9) 
Store CPU 

















Bits 0 
¥ Clock 5 & 6 


1234567 
Op Code x 117171710 
Decrement low order of 
BAR 






KL121 


Activate ‘sel BAR’ 


KG141 


Activate ‘gate LSR lo 
to B' 


KG141 


e@ Store the registers that are selected by the O 
code into the location specified by the BAR. 


















Load CPU Activate ‘load SAR’ 


Bits 0 Address translation de- 
x 


1234567 
Op Code ee eae 


scription is on page 2-54 





e@ Load the registers that are selected by the 0 
code with data from the location specified by 
the BAR. 


Address xlate active 
Activate ‘misc bit 7 


to A’ 
Select xlate reg 


KY121 


Activate ‘bin sub gate’ 


KL101 


Activate ‘LSR write low’ 
Clock 7&8 


Decrement high order of 
BAR KL121 
Activate ‘sel BAR’ 


KG141 





LOAD/STORE CPU (+) 


Address storage 






Requires 2 B cycles Clock 3 & 4 











Perform operation 
objectives as specified 
by the Q code 


Clock O 


Address storage 
KD111 


Activate ‘EB cycle’ 


No (store CPU instruction) 





Load CPU instruction 





Decode the Q code Decode the Q code 










1st E cycle 
of operation 


Activate ‘gate LSR hi 


to B’ 






















KY121 
No «D121 
: s : Activate ‘bin sub gate’ 
Load ATT/SPT register | page 5-56 Store ATT/SPT KL101 
000 0%xx x x register page 5-55 









Load Program Check rea 


000 %14%x*x x x x Store PMR page 5-57 


Store program 
001.x0000 check register page 5-59 


0100000 0 Store current PMR page 5-58 


Activate ‘L.SR write high’ 





; Yes 
Store CPU operation 



















Turn on ‘op end’ trigger 


. : Ist E cycle Yes 
Activate ‘store data of operation 
group’ Memory FDR reset 0 10%1%x*x x x x Store ATT register page 5-55 P 
001000 1 1 and diagnost fetch page 5-60 
KY111 O 110 %x*x x x x Store SPT register page 5-55 
01000000 Load current PMR page 5-58 KD131 
Activate ‘new data to 
storage’ Load ATT register Page 5-56 
Oo 1 1 x x - 


1 x x 





Load/Store CPU (Part 2 of 9) 


STORE ATT 


@ Store bits O through 7 of the 
selected ATT register. 


Objectives Objectives 


e Store bits 0 and 1 of the 
selected SPT register. 



















































@ The SPT reg is not affected. e The ATT reg is not affected. 
af Q Code bx 
Ox 

























































KN121 KN121 
Activate STR ATT Activate Str ATT or 
or Prot Instr KN121 Objectives Prot Instr 
Activate Str ATT or 
the selected SPT reg 
lock 3-4 KN121 Clock 3-4 KN121 
Clock 3-4 KP152 EB Cycle and bits 2 through 7 : : KP152 
Activate Sel Bit 2 Activate Load Store ai atho selected ATE Activate Sei Bit 2 Activate Load Store 
Str Data Asm ATT Prot EB Clock 3-4 KN121 KP152 reg. Str Data Asm ATT Prot EB 
Activate Sel Bit 2 Activate Load Store 
Str Data Asm ATT Prot EB 
Store ATT bits 2 Store write protect 
through 7 and Str and fetch protect bits 
bits 0 and 1 are (SPT bits 0 and 1). 
stored in the store Store write protect, 
data assembler (ATT fetch protect and store 
register bits 0-7) Activate Alter Disp ATT bits 2 through 7. Activate Alter Disp 
ATT 6b Gate Even (SPT reg bits 0 and 1 Activate Alter Disp ATT GF-Gaie Even 
(selects even reg) and ATT reg bits 2-7) ATT or Gate Even (selects even reg) 
(selects even reg) 
MA142 
Activate LD-STR Activate LD-Str Prot 
ATT 5X EB eee MA142 6X EB Ma 











oo. adds Activate ATT/SPT 
Ye Addr bits 1-16. 





Allow Str bits 0 
and 1 to be stored. 


KG131 


Activate gate LSR lo 
normal toA 


KY121 
Activate bin sub gate 
and bin comp A reg 
RN121 
Activate inhibit 
SDR transfer 
KC132 


Activate BSM 
write 


Return to page 5-54 












Activate ATT Addr 
bits 1-16 (addr SPT) 






Inhibit ATT bits 2 
through 7 from 
being stored, 
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5-55 


Load/Store CPU (Part 4 of 9) 


Activate ‘gate O to 
PMR' 


Activate ‘load PMR lo’ 













LOAD PMR 







Q code is 0001xxxx 


Clock 3 and 4 


Activate ‘gate SDR to 
B’ 









Byte is gated through 
ALU without control 





Activate ‘ALU to SDR 
bits’ 







ALU lines to PMR 


These lines are decoded 
to address one of the 
9 PMRs 





PMR is not foaded 
until ‘clock 5 PWRD’ 
is activated 


Activate ‘load PMR hi’ 


Return to page 5-54. 












STORE PMR 






Q code is 0001xxxx 


Clock 3 and 4 
KP122 


Activate ‘str PMR 
reg instr’ 


No 


KP122 


Activate ‘gate O to PMR’ 


Activate ‘sel bit 1 str 
data asm’ and ‘sel bit 
2 str data asm‘ 


These lines are decoded 
to address one of the 













Activate ‘sel bit 1 str 
data asm’ and ‘sel bit 
2 str data asm’ 







Gates PMR into store 
data assembler 





















Activate ‘gate LSR lo 
normal to A’ 


Activate ‘gate LSR lo 
normal to A’ 






During the 2nd EB 
cycle the I/O >256K 
bit is stored in bit 7. 
All other bits are set 
to zero. 


KY121 





Activate ‘bin sub gate’ 
and ‘bin comp A reg’ 


Activate ‘bin sub gate’ 
and ‘bin comp A reg’ 


RN121 
Activate ‘inhibit SDR 
transfer’ 


Activate ‘BSM write’ 


RN121 


Activate ‘inhibit SDR 
transfer’ 


KC132 





Activate ‘BSM write’ 





Return to page 5-54. 
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5415 TMD 


5-57 


Load/Store CPU (Part 5 of 9) 





Activate ‘bin int bit’ 
lines 





Activate ‘Ld curr or 
SVC PMR load’ 


Activate ‘Load PMR lo’ 





LOAD CURRENT 


PMR meee 
| Q code is 01000000 


Clock 3 and 4 KG141 


Activate ‘gate SDR to B’ 


Activate‘ALUtoSDR | 
bits’ 


Activate ‘bin int bit’ 
lines 














Activate ‘Ld curr or 
SVC PMR Ioad’ 






Activate ‘Load PMR hi’ 


Return to page 5-54. 


Byte is gated through 


ALU with control 


ALU lines to PMR 


Encode of the interrupt 
PHs addresses the PMR 
currently in use 


PMR is not loaded 
until ‘clock 5 PWRD’ 
is active 


Second EB cycle is 
taken but PMR is not 
loaded 



















STORE CURRENT 


PMR ne 
|  Qcode is 01000000 












Clock 3 and 4 





Encode of the interrupt 
PHs addresses the PMR 
currently in use 





Activate ‘bin int bit’ Activate ‘bin int bit’ 














Activate ‘sel bit 1 str 
data asm’ and ‘sel bit 2 
str data asm’ 


Activate ‘sel bit 1 str 
, 

data asm’ and ‘sel bit 2 

str data asm’ 









Gates PMR into store 
data assembler 





KG131 
Activate ‘gate LSR lo 
normal to A’ 


Activate ‘bin sub gate’ 
and ‘bin comp A reg’ 


KG131 
Activate ‘gate LSR lo 
normal to A’ 


Activate ‘bin sub gate’ 
and ‘bin comp A req’ 








During the 2nd EB 
cycle the 1/O > 256K 
bit is stored in bit 7. 
All other bits are set 
to zero. 



















RN121 


Activate ‘inhibit SDR 
transfer’ 


Activate ‘write BSM’ 


RN121 
Activate ‘inhibit SDR 
transfer’ 


Activate ‘write BSM’ 





Return to page 5-54. 
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Load/Store CPU (Part 6 of 9) 


LOAD PROGRAM STORE PROGRAM 












CHECK REGISTER CHECK REGISTER 





Q code is 001x0000 Q code is 001x0000 















Ctock 3 and 4 Clock 3and 4 
KG141 
owe ere Bed 00100000 (Store check address register) 
code 
| Byte is gated through 00110000 
1 ALU without control KN121 
[| 


Activate ‘str chk status 


reg instr’ 





Activate ‘ALU to SDR ALU lines to prog 


bits’ 





check registers 


<a> Bit 2 only (load program check address register) 











Bits 2 and 3 on 
KN121 










Gate chk status regio 
to assembler 


Gate chk status reg hi Gate chk addr reg lo Gate chk addr reg hi 
to assembler to assembler to assembler 











Activate ‘sel bit 1 str 






Gates register contents 
into store data assembler 






data asm’ 












KG131 
KR272 
| j : , : : Activate ‘gate LSR lo 
Activate ‘sel chk Activate oe chk Activate ‘sel chk Activate ‘sel chk normal to A’ 
status reg lo’ status reg hi’ addr reg lo’ addr reg hi’ 
KY121 


Clock 5 — _ Activate ‘bin sub gate’ 
KR272 and ‘bin comp A req’ 


Activate ‘Ld chk addr 


KR272 








Activate ‘Ld chk status 






Activate ‘Ld chk addr 
reg lo’ 


Activate 'Ld chk status 
reg hi’ 





| RN121 
| Activate ‘inhibit 


reg lo’ reg hi’ 





SDR transfer’ 


Activate ‘BSM write’ 





Return to page 5-54. Return to page 5-54. 
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Load/Store CPU (Part 3 of 9) 





LOAD ATT 


Clock 3 and 4 KG141 


Activate ‘gate SDR to 
B’ 






5-56 





Byte is gated through 
ALU without controls 
KP102 
‘A DR 
Opa Ota 1 ALU lines to ATT/SPT | 
hits 
x 
: Q Code Gx 
KN121 KN121 
Activate load ATT Ox Activate load prot 
instr KN121 instr 
EB Cycle Activate Ld prot and EB Cycle 
Ld ATT instr 
Clock 5 KP152 
i‘ Sat EB Cycle KP1S2 
Activate load ATT NEE Oa Sore: Activate load store 
ATT prot EB KP152 ATT prot EB 
Activate load store 






Activate Ld-Str 
ATT 5X EB 


Gates ALU bits 0 
and 1 to ATT 
register input 











Activate alter disp 
ATT or gate even 
(selects even reg) 


Activate Ld ATT and 
Ld prot 









ATT prot EB 


Activate alter disp 
ATT or gate even 
(selects even reg) 









Clock 5 KP122 


Activate load prot 


Activate Ld-Str 


Prot 6X EB 


KP152 


Activate alter disp 


ATT or gate even 
(selects even reg) 





MA142 


Activate ATT addr 
bits 1-16 





e Operand bits 0 
through 7 are loaded 
into the selected ATT 


register. 
e The SPT register 
is not affected. 








Activate ATT/SPT 
addr bits 1-16 


@ toad operand bits 

2 through 7 into selected 
ATT reg. 

@ Load operand bits 

O and 1 into selected 
SPT reg. 

e ATT reg bits O and 


1 are loaded with 
zeros. 











MA142 


Activate ATT ada: 
bits 1-16 (addr SPT) 


e Load operand bits 
O and 1 into the sel- 


ected SPT reg. 
e The ATT register 
is not affected. 





Load/Store CPU (Part 7 of 9) 


MEMORY 













DIAGNOSTIC FETCH 





Q code 00100001 
Clock 3 and 4 


Activate ‘diagnostic 
fetch’ Ly 


Disable ECC page 3-11 


KG141 


Activate ‘SDR to B’ 


Activate ‘block SDBO 
check’ [3 


Single bit error 


S 
Page 3-11 


Activate ‘uncorrectable 
error’ and ‘correctable 


error’ 












1st cycle 


KR272 


Activate ‘load chk 
addr reg hi’ 


Activate ‘load chk 
addr reg!to’ 


KR211 


Set bits 5/6 on in the 
program check status 
register if error occurred 






eS Return to page 5-54 


MEMORY 







FDR RESET 





OQ code is 001000010 
Clock 3 and 4 


KA322 _ 


Activate ‘FR reset’ 







FDR is reset to FFFF 


KA322 KG 141 


Activate ‘block SDBO 
check’ 3} 


Activate ‘SDR to B’ 







Single bit error 





Activate ‘correctable 
error’ 





Ist cycle No 
Yes 
KR272 KR272 
Activate ‘sel chk addr Activate ‘sel chk addr 
register lo’ register hi’ 
Clock 5 
KR272 KR272 


Activate ‘load chk 
addr reg lo’ 


Activate ‘load chk 
addr reg hi’ 


KR211 






Set bit 5 on in the 
program check status 
register if error occurred 





S) Return to page 5-54 







Clock 3 and 4 






MEMORY FDR RESET 
AND DIAGNOSTIC FETCH 









Q code is 00100011 


FDR is reset to FFFF 


Gate C1-C6 to SDBO 
0-5. 6-15 are ali is 






KG1 


Activate ‘SDR to B’ 


Disable ECC page 3-11 


Display Chk Bits Sw On 


KA322 


Activate ‘block SDBO ; 
Display Storage 





check’ E 


Single bit error Q Bit 6 












EB Cycle 
Page 3-11 
Activate ‘uncorrectable 
error’ and ‘correctable 
error’ 
Q Bit 7 












Yes 
KR272 KR272 
Activate ‘sel chk addr Activate ‘sel chk 
reg lo’ addr reg hi’ 


Clock 5 





Activate ‘load chk 
addr reg lo’ 


Activate ‘load chk 
addr reg hi’ 





Set bit 5/6 on in the 
program check status req if 
error occurred 


eS) Return to page 5-54 


Ld Program Check Addr Reg Instr 


A FR Reset Instr 


Diagnostic Fetch Instr 


€ FR Reset (to BSM) 


Block SDBO Check 


en Ly Diagnostic Fetch (to BSM) 


KA322 


5-60 


3-11 


2-47 


® " 
—_ —_ 
= wo 


Load/Store CPU (Part 8 of 9) 


Inhibit SOR Transfer 
EB Cycle 
(not) Recomp! Cycle 


Wait or Alter-Disp ATT - PMR 


System Reset 


Wait State 







Alt/Disp!| ATT/PMR 







Phase DE Load SAR 


Op Bit 6 


(not) Op Bit 7 


(not} Test On or Off 
(not) Op Bit 6 


Wait State 
Fast | Cycle 
System Reset 





Op Bit 5 


(not) Op Bit 4 
(not) Op Bit 6 and Not 7 


Invalid Address 


(not) Cl 3 and 4 
Alter SAR or Storage 
1/O Block SDR 


KG141 


Main Storage 


BSM Write 




















(not) Op Bit 4 
(not) Op Bit 7 


1 Address Nonbranch 
(not) 1st E Cycle 
EB Trigger 


fi Gate SDR to B 


Dhar ERS 


(not) 3C to 5C 
EB Cycle 


Bin Add or Sub Group 


A 
1 Address Non-branch 
RN131 
(not) Significant Digit 
(not) Edit Instr New Data 
ep Gud i to Storage 
tars Cl 4CD 
Store Data Group New FL 
KY111 
RN131 cls 
KC132 
Ci 5 and6 
js Gate LSR Loto B 
Iw 
A 
Cl 7and8 a 
Gate LSR HitoB 
Ci 1and2 
A KG141 
EB Cycle 


16 + 2P 





EA 


1 Address Format Eliminate 1/O Not CE Test 





EB CI 5 and6 CE Test No Increment 
| Force Wy OR Wait State 
Bit 7 i C15 and 6 Systems Bost — 
(not) IR Prog Backup 
KD131 KG141 Fast | Cycle 
(not) Ist E Cycle | 


Gate LSR HitoA 


Cl3 and4 


Gate LSR Lo 


Normal to A Add to Reg or Store Instr 


1st E Cycle 





x KG131 


Sel1=[e1S[s| 





OF 
2 
‘BE 
[7 | 


Bin Compt A Reg 


LSR hi 


i EB 3C to 5C 


on KY121 


KY 141 











(not) Op Bit 7 
(not) Op Bit 4 
1 Addr Non Branch 





Bin Add Group 


Refer to page 2-48 RN131 


Store Data Assembler @ 
Bin Sub Gate KR222 


Clock 8 1L1 Cycle 


a Hen 


Clock 4 
(not) 1st E Cycle 


: Program 
Check te 
Registers i Clock 4 pe 
2-46 
Fast | Cycle 
im aw 


1L2 Cycle 


Aux ALU Out 


ALU Gating Ckts 


EB Cycle 


Half Word Format New 
EB Cycle 


Alter Display Storage 





Channel Inhibit LSR Load 


1/0 Not CE Test 






LSR Write Low KL111 A Idle Time 
EB Cycle Dummy Half Cycles 
Ci5 Thru 0 A or B Reg Chk 
BAR (high) BAR (low) pees A (not) Recompl Cycle 
fot1 j2]3]4j5] 6] 7fof1{2] 3] 4] 5] 6 7| LSR TO AorB 
i ae 
KL121 
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Load/Store CPU (Part 9 of 9) 


Machine Cycle 
Clock 

BSM Select 

Load SAR 

BAR Select 

B Reg Input 

A Reg Input 

Load A and B Reg 
Bin Compl A Reg 
Bin Sub Gate 
Load ALU 

ALU Output 
Load LSR 

EA Eliminate 
BSM write (Store CPU Operation) 
First E Cycle 

Op End 

Load PMR 

Load ATT 


Load Prog Chk Reg 





5-62 


ALD Reference 
KC122 
KC132 
KC142 
KL121 
RA101 
RA111 
RA101 
KY121 
KY101 
AV 132 
AV 142 


KL101 


KY111 
KC132 
KO111 
KD131 
KP122 
KP112 


KE272 


COMMAND INSTRUCTIONS 


e@ Command instructions are: halt program level, 
advance program level, jump on condition, 
start 1/O, and command CPU. 

e@ Load operation code into op register. 

Q code used to define command. 

e Control code is third byte of instruction and 
contains additional information pertaining to 
the command. 


Cc 


I-cycles for command operations are three cycles 
in length; first, an l-op cycle transfers the opera- 
tion code from main storage to the op register. 
Second, an | Q cycle transfers the Q-code into 
the Q-register and DRR. If the operation is a 
branch or jump, the condition register is also 
tested for true or false. Third, an | R cycle is then 
used to transfer from storage the control code 
needed to execute the command. The details for 
use of the control code are discussed with specific 
operation descriptions. 


1 R Cycle (Part 1 of 2) 
Objectives: 
e@ Execute command instruction, unless program 


interlocked. 
@ Increment or decrement instruction address 


register. 
IR CYCLE 


Page 5-4 





Refer to page 5-4 
Point [a> to 
determine which 














after | Q cycle 
Clock 0 


Address storage 


Address translation 
description is on 
page 2-54 


Select xlate reg 


Activate ‘IAR seld’ 


Activate ‘load SAR’ 










type of cycle to take 











Data read out KG141 
R 
to SD Activate ‘gate SOR 
to B’ 
lock 3& 4 E 


Add to address in 
IAR for jump 
instruction with 
condition satisfied 
















Jump 
instruction with 
condition satisfied 
(page 5-64) 


Yes KG131 


Activate ‘gate LSR 
lo normal to A’ 
KY121 
Activate ‘bin 


comp A reg’ and 
‘bin sub gate’ 



























KL141 
Activate ‘IAR seld’ 
AV211 KL101 
ALU output | Activate ‘LSR 
latched write low’ 
Clock 5&6 
Increment or 
decrement low KL141 
fi : 
order of instruction Activate ‘IAR seld’ 
address 
KG141 
| Advance instruc- Activate ‘gate 
tion and QO reg blank LSR lo to B’ 
| 
KD131 
| Yes 
| 
l 
Unconditional No 
program level 
KG141 





Activate ‘misc bit 


Activate ‘IR KY121 
program backup’ Activate ‘bin 
comp A reg’ 
¥ 
KY121 
Activate ‘bin sub 
gate’ 
AV211_ KL101 
ALU output Activate ‘LSR 
latched write low’ 







Yes 
Q code Q code Q code 
00010000 00100000 
KN121 KN121 
Activate ‘SVC instr’ menvate ome rer 
prog chk bit’ lines 











Command 
code bit 6 


on on 


KN121 


Reset interrupt 0 
request latch 


Set interrupt 0 
request latch on 





on 


Command 
CPU instruction 





Command 
code bit 7 


Enable interrupt 7 


Command 
code bit 6 















KN111 


Disable interrupt 7 


Yes 


KN111 


Reset interrupt 
level 7 


See further details on page 5-67. 


Activate ‘bin int 


Activate ‘Id curr 
or SVC PMR load’ 
KP122 FF" 
=! 


Activate ‘load 













Load current PMR 
| immediate (clock 5 
of IR cycle} 


Encode of the 
interrupt PHs 
address the PMR 
currently in use 





The 1/0 > 256K 
| bit is not affected 
by this instruction. 





Clock 7&8 
Increment or 
decrement high KL141 
order of instruction Acti TAR seld’ 
address ctivate seld 
KG141 
Activate ‘gate LSR 
hi to B’ 
KY121 


Activate ‘bin sub 
gate’ 


KD131 
Yes 
~~ 


Unconditional 
program 
level adv 







KY121 
Activate ‘bin 
comp A req’ 


KD131 


Turn on ‘op 
end’ trigger 


KL101 


Activate ‘LSR 
write high’ 


AV211 


ALU output 
latched | 


END OF 


OPERATION 
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5-64 


I-R Cycle (Part 2 of 2) 





Cycle ALD Reference 
tit Tale ie 
Clock KC122 
Load SAR fe cif Sp oe et 5 eae 
BSM Select es ee ee 
LAR Select ee he a a 
LSR Load Pt gg KL101 
Load A and B Reg Ie speed a get a RA101 
A Reg input Force bit 7) | rats 
B Reg input a I | RA101 
1/0 Block SDR Load ALU eee eee AV 132 
x 1] IR Cycle eben ALU Output enone meme AV 142 
1/0 Not CE Test cis FF bin Comp! A Reg S| KY121 
inde ere bin Sub Gate ef 
**Cmd CPU SVC KN121 
System Reset |] KD131 **Cmd CPU Prog chk KN111 
**Cmd CPU Ld PMR KP102 
(not) Inhibit SDR Transfer (not) Invalid Address Op End KD131 
(not) EB Cycle A Gate SDR to B 
Recompl Cycle Cl 3 and 4 
(not) Alter SAR or Storage * Jump Instruction only 
KG141 ** Determined by QO decode 


Cmd CPU circuits are on page 5-67 Gate VSR Le Normal tow 





Wait State 










Main Storage 





System Reset 





CE Test No Increment 


Fast | Cycle 
1/O Not CE Test 












Cl 7 and 8 Gate LSR Hi 


to B 











Storage addressing 


Force Bit 7to A 





Wait State 
KG141 













Fast I-Cycle 
System Reset 





!-R Cycle Skip True 
I-R Cycle 

(not) IR Program Backup 
(not) Cl 3 and 4 


Bin Compi A Reg 






ees = Bin Sub Gate VS 


x Gate LSR Loto B 
KY121 
KG141 Aux ALU Out 





Phase DE Channel Inhibit LSR Load 


1/O Not CE Test 






















16 + 2P Clock 8 
ALU Gating Ckts Idle Time 
Refer to page 5-67 for | ALU Gating Ckts | LSR Write Hi 
. command CPU details A fs owe — 
Wait State cl B IL1 Cycle 
KL111 on A or B Reg Chk 
Alt/Disp!| ATT/PMR LSR Write Lo 1L2 Cycle 
EB Cycle LSR to AorsB 
x x ah Bi 
SS Clock 4 Alter Display Storage 
-—— IR Cycle 
| AR thigh) | TAR low) Ea Bib rane Oui on Gyeles 
fol 1} 2] 3) 4] s5{6] 7] of 1] 2] 3] 4] 5] 6] 7| E Fast | Cycle f pose Display 
bees Pe 1a oe eal Clock 6 IAR Seld A] idle Time 


Jump On Condition—JC 


Bits 0 
1 


1234567 

Op Code 1110010 

e Condition register is tested for condition 
specified in OQ code. 


e If tested condition is satisfied, control code is 
added to IAR for next sequential instruction. 


e QOcode bit 0 is used to specify if jump is 
performed on condition true or condition 
false. 


e Take I-R cycle. 


The jump on condition operation is similar to 
branch on condition except for the instruction 
address modification. If the condition register 
contents satisfy the condition specified in the Q 
code, the control code byte is added to the IAR. 







Condition Tested 










Presence of condition 


Not 0 Absence of condition 
7 Equal 

6 Low 

5 High 

4 Decimal overflow 

3 Test false 

2 Binary overflow 


During the !-O cycle, the O code is transferred 
from storage, through the B register and into the 
ALU. The condition register is decoded into the 
A register and enters the ALU. An ALU AND 
function is performed (both input bits must be 
the same to get an output) and the output is 
checked for non-zero. 


Bit O of the O register is used to specify if the 
jump is to be performed on condition true or 
condition false. If bit 0 is on and any one of the 
conditions specified by the OQ code is present, the 
jump is performed. If bit 0 is off and all con- 
ditions specified by the Q code are missing, the 
jump is performed. 


During the IR cycle, if the jump condition was 
satisfied, the |AR is selected and the control 
code is added to that register. 







JUMP ON CONDITION 


i |-Op cycle page 5-4 ie 
i: 1-Q cycle page 5-4 i 
7 1-R cycle page 5-63 ial 














Yes 






Jump 






| Tested during 1-Q cycle. 
Activates Br-Skip true FL 

| page 2-39 

KD151 


condition 


satisfied 


Add control code 
to [AR page 5-63 


CPU Instructions 


5415 TMD 


5-65 


Halt Program Level (HPL) 


Bits 01234567 

OpCode 11110000 

e@ Prevents execution of the next sequential 
instruction. 


e Loops on halt instruction until the start key 
is pressed. 


e@ Instruction format bytes two and three dis- 
played on the console. 


The halt program level instruction prevents 
execution of the next sequential instruction. 
During the !-O cycle, the tens position of the halt 
identifier (instruction byte two) is displayed in 
the console display and program interlock is 
forced. During the I-R cycle the units position 
of the halt identifier (instruction byte three) is 
displayed. I-R cycle and program interlock 
activates I-R program back-up. Program 

back-up decrements the |AR by two (‘force 

bit 6 to A’) and this loop continues until the 
system Start key is pressed. Pressing the Start 
key eliminates the program interlock and the next 
sequential instruction is executed. 


If a halt is executed during an interrupt level, 
program interlock is blocked and the IAR is 
advanced in the normal manner. 


Halt 
Program Level 


f |-Op cycle page 5-4 i 
f 1-Q cycle page 5-4 i 
; I-R cycle page 5-63 tl 


System start key 















Yes 


Next Sequential 
Instruction 


Tens 





Units 
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is Halt Identifiers a 


FO Tens Units 
P 7 
7 
7 
/ 
7 
7 
/ 
7 
7 
/ 
7 
7 
/ 
/ 
4 
7 


\ 
\ / 


4 
/ / 
/ / 
Char- | Hex Display Char- | Hex Display 
acter Code acter Code 
pf os | 
2 
5 










J 


pO GP Ss See 


Example: 
_| Bit -01234567 
_ Stae—x1110110 
— a 
Hex Codes 7 6 


Command CPU (CCP) 


This instruction is used to control certain functions 
of the CPU as defined by the Q code. This page as 
well as the others referenced provide the instruction 
description. 


Op Code QCode Command Code 


Supervisor Call 


Bit 6 off causes 
CPU to request 
interrupt level O 00000010 













Supervisor program 
then turns bit 6 on 
and executes another 
CCP instruction when 
it is ready to return 
control to the user pro- 
gram. This resets 
interrupt level O 


Enable Int level 7 


Program Check Intr Disable Int level 7 
Used to enable, 00000000 

disable, or reset 00000010 

interrupt request 
for the program 
check interrupt 


(level 7). 


Reset Int level 7 


PMR bits are assigned these 
functions. Refer to page 2-28 for 
more information on the PMR. 


Load ‘current PMR 


immediate’* 
Mask interrupt 


Store protect 

1/O 17th bit (1/0 >64K) 
Privileged mode 

| cycle translate 

EA cycle translate 

EB cycle translate 

1/O 18th bit (1/0 >128K) 


Command code 
contents are loaded 
into the PMR 
currently in use 
(clock 5 of this 
IR cycle). 


Diagnostic Mode 01000000} 00000000 ;~—— Set diagnostic mode (slow speed) 


00000010 Reset diagnostic mode (fast speed) 


*This instruction will not alter the [/O > 256K bit (use 
the LCP instruction). 


| Op Cycle 
Refer to page 5-4 


10 Cycle 


Refer to page 5-4 


I-R Cycle 
Refer to page 5-63 









Read out op code 





Read out QO code 
and identify type 
of instruction as 

shown in chart 


Read out command code 


QO Reg Bits 
12 3 


Cmd CPU Inst 





x— X— XK 










ALU Bit 6 (cmd code) 


IR Cycle 
Clock 5 
SVC 


CI5 
{R Cycle 
Prog Chk Interrupt 


Load Current PMR 
CIi5 
IR Cycle 


ere 
Ate 


aR ec 


Interrupt O Req 


KN121 


ALU Bit 7 (cmd code) Interrupt 7 Enable 


4" 


ALU Bits 
as xX 





CPU Instructions 


Binary Interrupt Level 


KN111 


Force Int 7 


FL 
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1/0 INSTRUCTIONS 


1/O instructions are of two types: one address in- 
structions and command instructions. The Q code 
contains the address of the I/O device, the code 
for the primary or secondary unit involved, and 
the function to be performed (read, write, con- 
trol). Where applicable, the control code con- 
tains additional information for the device 

(space, stacker selection, etc.). 


| cycles follow the same cycle pattern as in other 1 
address or command instructions. The | cycle link 
with the I/O attachments is discussed with the 
individual operation descriptions. 


Start 1/O — SIO 


Bits 0 
1 


1234567 
Op Code 111001 1 
e Start an I/O device. 


e Qcode contains device address and function to 
be performed (read, punch, print). 


e@ Control code contains additional instructions 
for device (space, stacker selections, etc.). 


e@ Enable/disable op-end interrupt. 


The start 1/O instruction starts the mechanical 
function of any 1/O device. The particular device 
selected and the function to be performed are 
determined by the Q code of the instruction. 
The device address (DA) is contained in bits 0-3 
of the Q code. Bit 4 of the QO code contains the 
modifier (M) bit that selects the primary or 
secondary unit of the device . Bits 5-7 
contain the N field which is the function to be 
performed by the device. The following three 

N codes are common to all devices, but the 
remainder are assigned by the individual devices. 


Bits N Field 

567 Function 

000 Control or Equivalent 
001 Read or Equivalent 
010 Write or Equivalent 


“Additional codes determined by the individual 
devices. 


The control code byte of the instruction further 
defines the device function. For instance, it may 
define the stacker pocket selected in the MFCU or 
it may define the type of spacing for the line 
printer. Use of the control code varies with the 
individual devices. Refer to the manual for the 
various !/O attachments. 


CPU control of the operation ends with the IR 
cycle of the instruction. !f the addressed device is 
not busy or does not need attention and the O byte 
and control byte reach the device without error 

the CPU continues with the next sequential 
instruction. If the device cannot execute the 
command, the program loops on the SIO instruction 
until the device is no longer busy or until the 
operator has corrected the attention condition. 


Once the device has accepted the instruction, the 
operation is performed by the attachment circuitry. 
Whenever the device needs data from storage 
(write, print, punch) or has data to send to storage 
(read) the attachment breaks into the program to 
use the number of cycles it requires. 


Device 


EPH] 


Device 
Address Assigned 





0000 0 CPU console 


0000 1 Interval timer/Unit record restart 


0001 0 

\ 3277 Display station and keyboard 
0001 | 1 
0010 +~| o MLTA individual line/BSCC 
0010 1 MLTA general adapter 
0011 0 SIOC 
0011 1 2501 Card Reader 
0100 0 3741 Data Station 
0100 1 Display Adapter 
0101 0 1442 
0101 1 Display Adapter 
0110 0 Magnetic tape drive 0 
0110 1 Magnetic tape drive 1 
0111 0 Magnetic tape drive 2 
0111 1 Magnetic tape drive 3 
1000 0 BSCA1 
1000 1 BSCA2/Display Adapter 
1001 — Spare 
1010 — Spare 
1010 = Spare 
1011 = Spare 
1011 ~ Spare 
1100 0 3340 disk drive 1 
1100 1 3340 disk drive 2 
1101 0 3340/3344 disk drive 3 
1101 1 3340/3344 disk drive 4 
1110 0 1403 printer 
1110 1 1403 printer - diagnostics 
1111 0 5424 MFCU/2560 MFCM 
1111 1 5424 MFCU/2560 MFCM 


coos 
[[esewneed 
imo 




















Loops on SIO until 
condition no longer 
exists 





Tested during lO cycle 
clock 8. Activates 
‘program interlock’ 
page 2-2 
KD131 






1/O device busy 
or not ready 


Interrupt reset 
command 














Unit check 
that prevents 
execution 


Interrupt reset 
command 





1/O attachment No 


| No-op status bit set 


begins operation 


CPU ADVANCES TO 
NEXT INSTRUCTION 


If unit check exists which will not prevent execution of 
S10, instruction is executed and unit check is reset. 
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1/O Instruction I-Cycles 


At clock 5 time of the I-O cycle, when the O code 
is latched in the ALU latches, the ALU output is 
sent to the devices on the DBO. This QO byte by - 
passes the DBO translator. 


Each device attempts to decode the address. If any 
device recognizes the address and if the O byte 
contains a valid N code, the device activates either 
1/0 condition A or 1/0 condition B. 


1-Q I-R Program 
Cycle Cycle Interlock (Modify |AR 
Condition B 0 by minus 2) 
Glock elock ee Go to next sequential 
2 2 : . instruction; modify 
IAR by +1. 
DBO 
(from ALU) 
Lh Ch | Pari 
CPU 
1/0 Device 





All Bits 


1/0 Condition B 


1/O Condition A 


Note: Actual logic varies 
with each attachment. This 
figure merely represents the 
concept involved. 


If the device is ‘busy’ or ‘not ready and no errors’, B | Gate LSR Loto B 
‘1/0 condition A’ only is activated and at clock 8 
time of the !-OQ cycle, the CPU activates ‘program 
interlock’. If the device is able to execute the 
instruction, !/O condition B only is activated B 
blocking the gate to the ‘program interlock’ Register 
trigger. If device is ‘not ready with errors’, !/O 
condition B is activated and device will no-op 
instruction. 


IAR modification is dependent upon the ‘program 
interlock’ trigger. During I-R cycle clock 5 and 6 
time, if program interlock is inactive, 1 is added to 
the IAR to increment it in the normal manner 
If, however, ‘program interlock’ is active, the [AR 
is decremented by 2 to retry the instruction. 
During clock 7 and 8 the ALU controls remain the 
same as clock 5 and 6 to modify the high order Select [AR 
position of the IAR. 
LSR Write Lo 
During the I-O and I-R cycles, the DBO is also 
parity checked. If a parity check occurs the 
processor is signaled by activating both |/O 
condition A and I/O condition B. 


The following table shows the significance of all 
settings for the ‘I/O condition A’ and ‘I/O 
condition B’ lines. 





Line Activated By Any Device | Significance 







Correct address, valid N code, 
device not busy and does not 
need attention—instruction 
accepted. 
Correct address, valid N code, 
device busy or needs attention— 
instruction rejected. 

Incorrect parity—Ccauses proces- 
sor check and DBO parity check. 
Invalid address or N code— 
causes processor check and 
invalid device address. 


‘I/O condition B’ only 












‘I/O condition A’ only 






Both lines 






Neither fine 


A 
Register 


Binary Subtract 


Binary Complement 
A Register 


Miscellaneous Bit 7 to A 


Program 
Interlock 


Active . 
Miscellaneous Bit6 to A 
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1/O Cycle 


Device controls data flow and functional unit 
control lines within CPU. 


1/0 cycles follow the same general data manipulation 
procedure as CPU cycles. That is: 


e@ Clock O — address storage 


@ Clocks 1 and 2 — Miscellaneous (generally LSR 
alteration) 


e Clocks 3 and 4 — compute (data manipulation 
between CPU and 1/O device) 


e Clocks 5 through 8 — address register modifica- 
tion. 


If an 1/O cycle does not require all of these functions, 
the I/O device blocks them by controlling the CPU 
data flow control lines. The following examples 
represent a method of transferring data between the 
CPU and I/O devices. The actual method used 
depends upon the result desired by the individual 
attachments. 


Example 1: 


A device is given the cycle steal assignment at 
clock 7D prior to the actual !/O cycle. In order 

to have SAR loaded at clock 0 of the I/O cycle, 
the assigned device must raise the proper LSR 
select lines at clock 8 prior to the !/O cycle. 

The LSR select buffer will select the LSR 

during clock 0. The device can select LSRs at four 
times during the !/O cycle. It may select the 

same LSR, a different LSR, or no LSR. 


The A register is loaded at odd CD clocks with the 
information that the device puts on DBI at even 
clocks. This data may be translated from card 
code to hexadecimal during clocks 2 and 3. 


The B register is loaded at odd CD clocks with the 
following data: 


Clock B Register Data 

1CD 00 

3CD Contents of SDR or 00 Controlled 
by attachment 

5CD Selected LSR low-order byte or 
00 if no LSR is selected 

7CD Selected LSR high-order byte or 


00 if no LSR is selected 


ALU output during the I/O cycle is the contents of 
the B register minus the contents of the A register or 
the contents of the B register plus the contents of 
the A register. This is determined by the device 
through ‘chan bin sub’. ALU output is the 
following data at the following clock times: 


Clocks ALU Output Data 
2D to 4C + DBI 

4D to 6C B Register + DBI 
6D to 8C LSR low + DBI 
8D to 2C 

of next 

cycle LSR high + DBI 


DBO equals the ALU outputs as latched except 
during clocks 7D to OC. This allows the device to 
use ALU out data. 


if the device needs data from storage (MFCU 
punch) the device does not block the ‘gate SDR to 
B’ line and the data is transferred from storage to 
the B register (next page). No data is entered into 
the A register from DBI so the B register is 

binary added to the blank A register to effectively 
move the B register through the ALU. The data is 
latched into the ALU latches and Is available to 
the 1/O device on DBO. The device activates the 
‘chan in transl out’ line if the byte needs to be 
translated to card code as in an MFCU punch 
operation. 


Not all 1/O cycles move the data unchanged 
through the ALU. The following example shows 
the function of each cycle taken by the line print- 
er to print acharacter. The objectives of the three 
cycles in the example are: 


1. Remove the data byte to be printed from 
storage and retain it. 


2. Remove the chain image character from 
storage and compare it with the data byte 
to see if the chain is in the correct location 
to print the character. 


3 Place the value 4/0 into the data byte loca- 
tion as an indication that the character has 
been printed. 


Example 2: 


In the first print cycle steal, the LPDAR (line print- 


er data address register) addresses storage. The 
byte of data is added to zeros in the A register to 
move the byte through the ALU and is sent to the 
printer attachment where it is retained. 


In the second cycle, the LPIAR (line printer image 
address register) addresses storage and the chain 
image character is read out and placed in the B 


register. The byte of data transferred to the attach- 


ment during cycle 1 is sent back to the CPU from 
the printer attachment and enters the A register 
from DBI. The printer attachment activates the 
‘chan in bin sub’ line to subtract the A register 
from the B register. The result is sent to the print- 
er attachment. If the result is zero, the two char- 
acters are the same and the printer prints the 
character. 


In the third print cycle, the LPDAR again addresses 
storage and the printer attachment activates the 
‘1/0 block SDR’ line to prevent the character 

from entering the B register. 


The printer attachment sends the hex value 4/0 to 
the CPU on DBI. This value is added to the zeros 
in the B register to move the 4/0 through the ALU. 
The printer attachment activates store new to 
enter the 4/0 into storage. 


Address modification is the same as in a CPU cy- 
cle except that register selection, ALU controls, 
and the modification amount are all controlled by 
the !/O device. During clock 5 and 6, the LSR is 
selected in the same manner as during clock 0. 


Load SAR 












(device 
address 
register) 





LSR 
Select 
Triggers 









LSR 
Select 
Decode 


LSR Select Lines 
from Attachments 
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The amount the register is to be increased or de- 
creased is entered into the A register from DBI. 
Incrementing or decrementing is determined by 
controlling the ‘bin comp A reg’ line £. 


Address modification does not take place in all 
1/O cycles. For instance, during the third print 
cycle taken to print a character the printer attach- 
ment must address the same storage location as 
during the first print cycle. In all three print cy- 
cles, the printer attachment sends the value 12 to 
the CPU on DBI. This 12 is added to the LPDAR © 
in all three cycles. However, in the first two cy- 
cles, incrementing is blocked by activating the 
‘chan in inh LSR’ line to prevent the results from 
being written into the LPDAR. 


Gate LSR Lo ToB Gate 1/O Bus ToA 


(Device supplies amount 
register is incremented or 
decremented by) 


B A DBI 
Register 





Register 


Binary Subtract 


Channel In (Device controls add 


Bin Comp A Reg | | Binary Subtract ‘< or subtract function) 


LSR Write Lo Channel In Inhibit LSR Sh 
N cc Select 
LSR Triggers 
Low . LSR FF . 
LSR Select (device address register) Sain __ LSR Select Lines 
From Attachments 
Decode FF 





1/O Cycle Data Transfer 


Clocks 0, 2,4,6 





1/O Block SDR (from device) e (active for entire |/O cycle) 
| Gate SDR to B Gate 1/O Bus to A 
Clocks 1, 3, 5, 7 
B A 
Register Register - DB! 
Buffer a 






| Main 
Storage 






Binary Subtract Channel In Translate In (from device) 


Channel! tn Binary Subtract (from device) 





Clocks 2CD Binary Complement 


4CD, 6CD, 8CD \Latches/ A Register 





DBO 





BSM Write (activated by device) 





Channel In Translate Out (from device) 


LSR Write Lo a Channel In Inhibit LSR 
LSR Select Triggers 


Low oe Ny 
LSR Select (device address register) LSR 
Select --- A 
Decode FF 





Attachment 


<< 
<— 


<“— 


<— 


Clocks 8, 0, 2,4 


LSR Select Lines 
From Attachments 


Clock 


LSR Select Lines 
From Attachment 


LSR Select Buffer 
Set Pulse (requires 
negative shift to 
set buffer) 


LSR Select Buffer 


LSR Write Pulse 


DBI (from 
attachment) 


DBI Buffer 


A Register 
(1/O cycle) 


ALU Out Latched 


CPU DBO* 


|+—___—— 1/0 Cycle a 
8 


8 0 1 2 3 4 5 6 7 


Addr Miscetlaneous Compute Mod Mod Hi 








J dt | ! 


| | Results of +OBIl B+ DBI LSR Low 
modify 


+ DBI 
high from 


previous cycle 


a eS 5 r----- 
Cycle Steal 1 | | | | | | f Cycle Steal 
Assignment Assignment 


*DBO during a cycle steal equals ALU Out 
except during 7D to OC when the cycle 
steal assignment is gated on DBO. 
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Cycle Steal Priority (CSP) 
e@ Device requests cycle. 
e CPU assigns cycle by device priority. 


e |/Ocycle can occur between any two CPU 
cycles. 


Whenever an 1/O device needs data from storage 
(write, print, punch) or has data to send to storage 
(read), the device requests an 1/O cycle. An 1/O 
cycle request can occur during any cycle and is 
always granted by the CPU. More than one |/O 
device may request an !/O cycle at the same time 
so each device is assigned a particular cycle steal 
priority. 


Cycle steal requests are generated by the attach- 
ments at even clock times. Because of the inter- 
nal circuit delays, these lines are not sampled until 
the next clock pulse. 


During CPU odd clock times, requests for 

cycle steal enter the CPU from the attachments 

on the ‘priority request’ lines. These requests are 
entered into the ‘priority request’ latches and trig- 
gers. If more than one device requests an I/O 
cycle during the same clock time, the bit triggers 
with the highest priority prevent the lower priority 
triggers from being turned on. A request at a later 
clock time resets the triggers and latches for any 
previous request. 


At clock 7D time, the bit structure for the highest 
priority device among those requesting a cycle is 
sent to the devices on the DBO, bypassing the 
DBO translator. ‘Any CSP request’ blocks the 
‘machine advance’ pulse preventing the CPU from 
advancing to the next CPU cycle. 


Odd parity is maintained for the priority bits on 
DBO. AP bit is available on DBO when the pari- 
ty latch is off. Thus, if no request is received, a 

P bit is available on DBO at clock 7D time. For 
clocks 1, 3, and 5, each device turns on 2 bit posi- 
tions to be sent on DBO. The parity latch is off 
and provides the needed P bit. During clock 

7, only one bit position is turned on by the re- 
questing device, and requires the P bit latch be 
turned on to eliminate unneeded parity bit. 
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The following priority is assigned to the devices using cycle steal: 


Priority | Cycle Steal CPU 
Request| Request Line | Clock | Attachment 




















DBO Lines 
















































































1 Spare 3 
2 a _ Spare = 
3 5 7 3410 Tape Unit 0 0000 0100 
4 6 7 SIOC 0 0000 0010 
5 - — Spare - 
6 8 5 BSCA-1 1 1001 0000 | 
7 4 5 | 5424 Read/Punch 1 1000 1000 Bia bio etep Soren 
7 4 5 2560 Read/Punch/Print 1 1000 1000 
8 5 5 2501 Card Reader 1 1000 0100 FL 
9 6 5 MLTA/BSCC 1 1000 0010 ee 
10 7 5 BSCA-2/Display Adapter 1 1000 0001 
11 3 3 1442 Card Read Punch 10101 0000 
12 4 3 5424 Print 10100 1000 
ee = Z ome 7 Prior Bit O 
15 7 3 3340/3344 Disk Storage Facility} 10100 0001 aaace ae 
16 3 1 3741 Data Station 1 0011 0000 FL 
17 4 1 | 1403 Printer 10010 1000 a ee 
18 5 1 3277 Display Station/Keyboard | 100100100 Y_jor| 
19 6 1 Spare 
20 — — Spare 





This priority assignment makes it possible for the 
interface to operate on a time sharing basis with- 
out the need for I/O buffers. Once a cycle steal 
request has been granted, the attachment has com- 
plete control of the CPU for that cycle. 


Prior Bit 5 
Page 4-100 shows the t/O interface lines. oe 


Note: Because of internal 


circuit delays, these lines 
are generated during even 
clock times. 

Chan CSR 3 


ig 
[of cnencsa's Eble COR 
e100 f}vonancsas eo Ta 


ue CSP Req a> 
Ci 5 2-4 


KC152 


| 


Even Clock CD 


System Reset 


Any CSP Request ie 
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Clock OD 


To DBO los» 


Load 1/O-LIO (Part 1 of 3) 


Bits 0 
x 


2 
Op Code T 


= WwW 


1 4567 

x 0001 

e@ Moves two bytes from storage to register se- 
lected by I/O attachment. 


e Follows command format if device is busy or 
needs attention. 


e AQcode of 0/0 results in a no op condition. 


@ Provides op-end interrupt control on some de- 
vices. 


The load I/O instruction is a single address instruc- 
tion that cannot be executed if the addressed |/O 
device is busy and needs attention. If the instruc- 
tion cannot be executed because the addressed 
device is busy and needs attention it follows a 
command format and loops on the instruction 

in the same manner as an SIO instruction. 


When it can be executed, the load I/O instruction 
removes two bytes from storage and loads them 
into a register selected by the device attachment. 


The register may be located in the attachment or 
may be an LSR in the CPU. In either case, two 
B-cycles are required to remove the bytes from 
storage. 


The device address and M fields are located in bits 
0-4 of the OQ byte just as in any 1/O instruction. 
The N field (bits 5-7) contains the register to be 
selected by the device attachment or op-end inter- 
rupt control for some I/O devices. Refer to the 
manual for the individual attachments for a de- 
scription of the N field codes. 


During the 1-O cycles, device selection and ‘I/O 
condition A‘ and ‘I/O condition B’ line control 
shown in the following chart: 


Line Activated By Any 
Device Significance 
‘I/O condition B’ only Correct address, valid 

N code, device not busy 
and does not need at- 
tention—instruction ac- 
cepted. 

‘1/0 condition A’ only Correct address, valid 
N code, device busy or 


tion rejected. 


Both lines Incorrect parity—causes 
processor check and 
DBO parity check. 

Neither line Invalid address or N 


code—causes processor 
check and invalid de- 
vice address. 





Gate SDR To B 


B 

Register 
Main 
Storage 

LSR Write Lo 

Ist 
B- 
Cycle LSR Write Hi 


LSR Select Lines 
from Attachments 


needs attention—instruc- 


\Z/ 


If program interlock is activated, an I-R cycle is 
forced. During the !-R cycle, because program in- 
terlock is active, |-R program back-up is activated 
to loop the instruction in the same manner as in 
an SIO instruction. 


If the device attachment can execute the instruc- 
tion, the B field address is loaded into the BAR 
with either I|-H1 and I-L1 cycles or an I-X1 cycle. 
After the I-cycles, the CPU enters into the first of 
two B-cycles. 


During the first B-cycle, the first byte is loaded in- 
to the B register and is passed through the ALU 
with no ALU controls. If the device attachment 
selects an LSR, the ALU output is written into 
the low order position of the selected LSR. If 

no LSR is selected, the ALU output is available 
on DBO to be entered into a register selected in 
the device attachment. 


The BAR is decremented during clocks 5 to 8 times 
and in the second B-cycle, the data byte is entered 
into the high order position of the selected regis- 
ter. The op-end trigger is turned on and the opera- 
tion ends. 


O 


LSR LSR_ | LSR Select (Device Address Register) 


High Low 
LSR 


Select 
Triggers 


FF 
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Load !/O (Part 2 of 3) 


LOAD 1/0 


Clock O 






Address storage KL121 


Activate ‘sel BAR’ 


KC142 


Activate ‘load SAR’ 


Address storage 


Load storage data into KG141 
register selected by the 
attachment Activate ‘gate SDR to B’ 


LSR 
selected by 
1/0 


Clock 3 and 4 





Activate ‘LSR write low’ 


Activate ‘LSR write hi’ 


Address translation de- 


scription is on page 2-54 





Data available to 1/O 
register on DBO 














Clock 5 and 6 


Decrement low order of 
BAR 











Cycle 


Clock 

BSM Select 
Load SAR 
BAR Select 
LSR Select 
A Reg Input 
B Reg Input 
Load A and B Reg 
Bin Sub Gate 
Load ALU 
ALU Output 
Load LSR 
BSM Write 
First E Cycle 
EA Eliminate 


Op-End 


KL121 


Activate ‘sel BAR’ 


KG 141 


Activate ‘gate LSR Io to 
B’ 


KG141 


Activate ‘misc bit 7 to 
AY 


KY 121 


Activate ‘bin sub 
gate’ 


KL101 


Active ‘LSR write low’ 














KL121 


Activate ‘sel BAR’ 


KG 141 


Activate ‘gate LSR, hi to 
B’ 


KY121 


Activate ‘bin sub gate’ 


KL101 


Activate ‘LSR write Hi’ 


Clock 7 and 8 


Decrement high order of 
BAR 


Yes 
No 
KD131 
Ist EB EB 


iil 
ia 


x 
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ALD 
Reference 
KC122 
KC132 
KC142 
KL121 
KL121 
RA111 
RA101 
RA101 
KY121 
AV132 
AV142 
KL101 
KC132 
KD111 
KY111 


KD132 


Load 1/O (Part 3 of 3) 


(not) Op Bit 6 and (not) 7 
Inhibit SDR Transfer 
EB Cycle 
(not) Recompt Cycle 
(not) Cl 3 and 4 

Wait or Alter-Disp ATT - PMR 


Op Bit 5 


(not) Op Bit 4 or 


System Reset 
Alter SAR or Storage 


1/O Block SOR KG141 
Invalid Address 
Main Storage 
Cl 7 and 8 









Wait 
-0 
cig Fast !-Cycle 
Phase DE 
x System Reset 
Wait State 
Ci 5 and 6 
Alt/Disp! ATT/PMR 1L1 Cycle 
IL2 Cycle 
EB Cycle 


Half Word Format New 
(not) 1st E Cycle 


EB Cycle 


Alter SAR Mode or. 


EB Cycle 


Half Word Format New 


EB Cycle 


Alter Display Storage IN 
Fast I-Cycle 


Channel Inhibit LSR Load 


1/0 Not CE Test 


Idle Time 
Dummy Half Cycles N 


A or B Reg Chk 


LSR toAorB 


tv Gate SDR to B 





KD131 






Force Bit7 toA 











Gate LSR Hi to B 


(not) !1/O Not CE Test 
(not) I-R Program Back-up 








Gate LSR LotoB 





KG141 
Clock 8 
A 
Clock 4 | 
|| 
Pf LSR or register in 1/0 
a t—-—---— attachment is selected 
Clock 2 alive by that attachment 
— a * LSR Write Hi 
Clock 4 im 
|e 
eS 
eae 
V4 LSR Write Lo 
a = = EB Cycle 
clocks A BAR (high) BAR (low) Sel BAR (not) Recompl Cycle 


1/0 Not CE Test Cl 5 through 0 


fot if2t3}ajsfel7joji}2}stajsje]7| 


KL121 


16 + 2P 


CPU Instructions 


5415 TMD 


5-75 


Sense 1/O—SNS (Part 1 of 3) 


Bits 01234567 

Op Code xx110000 

@ Moves two bytes from the register selected by 
the 1/0 attachment to storage. 


e Instruction executed even if device is busy or 
needs attention. 


@ Qcode of hex 0/0 senses console address/data 
switches. 


The sense I/O instruction moves two bytes of data 
from a register selected by the device attachment 
to main storage. The register may be located in the 
attachment or may be an LSR in the CPU. The 
instruction is executed regardless of whether the 
device is busy or not. 


The device address and M fields are located in bits 
0-4 of the O byte just as in any I/O instruction. 
The N field (bits 5-7)contains the code for the 
register to be selected by the device attachment. 
Refer to the manual for the individual attachments 
for the register selection codes and the information 
contained in those registers. 


If the Q code contains a hex 0/0, the two bytes 

of data set up in the console address/data switches 
are moved to the address specified in the B field 
address and that address minus one. The first B- 
cycle moves the data set up in the two right-most 
switches, and the second B-cycle moves the data 
set up in the two left-most switches. 


During the I-Q cycle, device selection is the same 
as in a start 1/O instruction except that the device 
attachment activates the ‘I/O condition B’ line 
whether it is busy or not. Valid address checking 
and valid N code checking remain the same. 


Line Activated By Any 
Device Significance 

Correct address, valid 

N code, device not busy 
and does not need at- 
tention—instruction ac- 
cepted. 


‘1/0 condition B’ only 


‘1/0 condition A’ only Correct address, valid 
N code, device busy or 
needs attention—in- 


struction rejected. 


Both lines Incorrect parity—causes 
processor check and 
DBO parity check. 

Neither line Invalid address or N 


code—causes processor 
check and invalid de- 
vice address. 





The B field address is loaded into the BAR in the 
same manner as in all one-address instructions. 

After the I-cycles, the CPU takes two B-cycles to 
store the registers in the B field storage location. 


If the register selected by the attachment is an 
LSR, the CPU activates ‘gate LSR low normal to 
A’ during clock 3 and 4 of the first B-cycle. 


The low order of the selected LSR is then loaded 
into the A register where it is binary added to the 
B register and written into storage. Since the B 
register contains all O’s, the result is the same as 
the LSR low order byte. 


The BAR is decremented and the LSR high order 
byte is transferred in the second B cycle. The 
‘op-end’ trigger is turned on and the operation 
ends. 


If the register selected by the attachment is not an 
LSR, gate I/O bus to A is activated in both B-cycles 
and the bytes enter the A register from DBI. 







A 
Register 


Binary Subtract 
BSM Write 
Binary Complement 
Main Storage 


A Register 


LSR Select 
Triggers 


Selection 
Lines from 
Attachment 












LSR 
Select 


LSR Select i Gate I/O Bus to A 
Decode 


Gate LSR Lo Normal to A 
1st B Cycle 


Gate LSR HitoA 
(not) 1st B Cycle 


o1 


Sense !/O (Part 2 of 3) 









SENSE I/O 





Clock 0 , 
Address storage KL121 
Activate ‘sel BAR’ 
KC142 


Activate ‘load SAR’ 





















| Address translation des- 
| cription is on page 2-54 


Select xlate register 





Address xtate active 


Address storage 







Clock 3 and 4 


Add A register contents 
to blank B register 


KY 121 


Activate ‘bin sub gate’ 
and ‘bin comp A reg’ 


Enter result into storage 


Activate ‘gate LSR hi 
to A’ 


RN131 





Clock 4 


Activate ‘store data 
group’ 


KY111 


Activate ‘new data to 
storage’ 


KC132 


Activate ‘BSM write’ 


1/O device selects at- 
tachment register or 
LSR in CPU 





KG131 


Activate ‘gate LSR lo 
normal to A 


| 





Activate ‘sel BAR’ 










Clock 5and6 





Decrement low order of 
BAR 





Activate ‘gate LSR hi 
to B’ 






Activate ‘misc bit 7 to 
A’ 


KY 121 


Activate ‘bin sub gate’ 


KL101 


Activate ‘LSR write low’ 







Cycle 


Clock 

BSM Select 

Load SAR 

BAR Select 

LSR Select (1/O attachment) 
A Reg Input 

B Reg Input 

Load A and B Reg 
Bin Comp A Reg 
Bin Sub Gate 
Load ALU 


ALU Output 


Load LSR 


EA Eliminate 


Op End 











> KL121 
Activate ‘sel BAR’ 
Clock 7 and 8 
Decrement high order of KG141 








BAR Activate ‘gate LSR hi 


to B’ 


Activate ‘bin sub gate’ 


KL101 


Activate ‘LSR write hi’ 


No 


KD131 


Turn on ‘op-end’ 





ALD 
Ist EB EB Reference 


KC122 
KC132 
KC142 
KL121 
KL121 
RA111 
RA101 
RA101 
KY121 
KY121 


AV 132 


AV142 
KC132 
KL101 
KD111 
KY111 


KD132 


CPU Instructions 5415 TMD 5-77 


Sense 1/O (Part 3 of 3) 


Op Bit 6 
(not) Op Bit 7 
(not) Test Off or On ‘ 
(not) Op Bit 6 
(not) Op Bit 4 RN131 


One Address Non Branch 


Halfword Format IN 


RN111 


Wait 
Fast |-Cycle 


Alt/Disp! ATT/PMR 


System Reset 
Main Storage 








Wait State 





Cl 
1L1 Cycle Clock 8 
Load SAR 
x 1L2 Cycle 
Phase DE 
KC142 EB Cycle 


Half Word Format: New 


Ist E Cycle 
Clock 4 
EB Cycle 
Channel Inhibit LSR Load Alter Display Storage orl 
Fast | Cycle 









1/O Not CE Test 
Idle Time 
Dummy Half Cycles 
A or B Reg Chk 






Clock 6 


LSR ToA or B 


rs 


E-B Cycle 

(not) Significant Digit 
(not) Edit Instr 

Store Data Group New 


New Data to Storage 
cl4cD 


oe 


KY111 


KC132 


BSM Write 
Ci 7 and8 









Gate LSR Hi toB 


Gate LSR LotoB 
5 and6 


KG141 


ae : 
aa 
Clock 4 es 

A 
; i 
eae 


KL111 


LSR Write Hi 


al 


ol if2[3[4}sfe{7{o}1]2}3}4{sje}7 | 







KL111 








Aux ALU Out 


5-78 


EB Cycle 
(not) 1st E-Cycle 
One Address Non Branch 





KD131 


1/O condition B 


—_—_—_—_—_—_—_—_—_——_: nT _ Qq3&x“\x Cx “_“_— 
Indicates correct 


address, valid N 
code, and instruc- 
tion accepted. 


DBI 


1st E-Cycle 







Gate LSR LotoA 







Add to Reg or Store Instr 
Clock 3 and 4 















Gate LSR HitoA 


(not) 1st E-Cycle 






EB Cycle 


(not) 1/O Not CE Test 
(not) I-R Program Back-up 
Ci 5 and6 


Force Bit 7to A 


| ALU Gating Ckts | Gating Ckts 


LSR Selected By 
1/O Attachment 


EB Cycle 
Sel BAR i (not) Recompl Cycle 
Cl 5 through 0 
KL121 


Test 1/O and Branch—TIO 


Bits 0 
1 


1234567 
Op Code 1xxO0001 
e Test for 1/0 condition specified in Q code N 
field. 


e Branch to address is loaded into ARR. 
e@ Use branch-to address for next instruction if 


tested condition exists. (IAR/ARR interchange 
occurs.) 


!-Op Cycle 1-Q Cycle I-H Cycle I-L Cycle 
Op Code Q Code 
0123 45 673;0 1 2'°3 45 67/0 123 45 6710 123 45 67 
pee wested Branch to Address 
address condition 


Primary or 
secondary unit 
(hopper, etc) 












Tested conditions are 
described in theory 
of operations manual 
for the individual 

1/O attachment 










TEST I/O 
AND BRANCH 


1-Op cycle 
page 5-4 













1-O cycle 
page 5-4 


Indexed 












Instruction format 





I-X cycle 
page 5-12 





1-H, 1-L cycles 
page 5-8 


The test 1/O and branch instruction is a one address 
instruction that tests an 1/O device for a specified 
condition and branches if that condition exists. 
The instruction is the same as a normal branch ex- 
cept that the I/O device is tested instead of the CR. 


The device address and M fields are located in bits 
0-4 of the Q byte just as in any I/O instruction. 
The N field (bits 5-7) contains the code for the 
condition being tested. The conditions vary 

with each attachment. Refer to the manual for 
the individual attachments for the condition codes. 


Branching is determined by the device control of 
the ‘I/O condition A’ and ‘I/O condition B’ lines. 
The following chart shows the significance of the 
line settings. 


Line Activated By Any 
Device Significance 

Correct address, valid 
N code, condition for 
branching not met— 
proceed with next se- 
quential instruction. 


‘1/0 condition B’ only 


‘1/0 condition A‘ only 


Correct address, valid 
N code, condition for 
branching met—branch 
to new address. 


Both lines Incorrect parity —causes 
processor check and 
DBO parity check. - 

Neither line Invalid address or N 


code—causes processor 
check and invalid de- 
vice address. 





During the I/O cycle, device selection is the same 
as in other !/O operations. The device attachment 
also tests for the condition specified in the N field. 
If the condition is met, the attachment activates 
the ‘I/O condition A’ line. With the ‘I/O condition 
B’ line inactive at clock 8 time, the branch condi- 
tion is latched in the CPU. 


The ARR is loaded with I-H1 and I-L1 cycles or 

an I-X1 cycle the same as in a normal branch oper- 
ation. The ‘LSR intchg pulse’ is then activated to 
switch the [AR and ARR. Refer to Branch to 
Condition, page 5-51, for the [AR/ARR interchange 
explanation. 


1-O Cycle I-H1 Cycle I-L1 Cycle 


Clock 5 8 8 






LSR interchange pulse (branch) 
















Branch Latch 


DBO 


Device 





Decode 
Device 


Address 1/O Condition A LY 


Valid 
N 
Service 


-—* 1/0 Condition B Ej 


Note: Actual logic varies 
with the devices. This 
figure merely represents 


Condition Met the concept involved. 


Decode 
Branch 
Condition 





Condition Not Met 


CPU Instructions 5415 TMD 5-79 


Advance Program Level—APL 


Bits 0 
1 


6 7 
Op Code 01 


12345 
11100 
The 5415 does not have the dual program feature. 
Therefore, an APL instruction is executed just like 
the basic 5410. The APL instruction exists in the 

5415 to allow Model 10 users to run their program 


unchanged. 


e@ Test for I/O condition specified in Q code N 
field. 


e Loop on APL instruction until condition tested 
for no longer exists. 


e Qcode N field of all zeros causes automatic ad- 
vance to next sequential instruction. 


1-Op Cycle 1-O Cycle IR Cycle 
Op Code 


0123 45 67/0 123 45 67 
Device Tested 


Conditions tested 
are described in the 
Theory of Operation 
Manual for the indivi- 
dual 1/O attachment 






















Primary or 
secondary unit 
(hopper, etc) 





The advance program level instruction tests for the 
same conditions as a test 1/O and branch operation. 
The N code is the same as in TIO and varies with 
each attachment. If the advance condition is met, 
the attachment activates the ‘I/O condition A’ 

line just as in the TIO. 


With the ‘1/O condition B’ line inactive, program 
interlock is activated in the I-O cycle the same as 
in a start I/O instruction. During the I-R cycle, 
with program interlock active, ‘IR prog back-up’ 
decrements the !AR by 2 just as in the SIO in- 
struction. When the advance condition is not met, 
and ‘I/O condition B’ is activated by the attach- 
ment, the [AR is incremented in the normal man- 
ner. 


An all zero OQ code is recognized as an automatic 
advance instruction. With this condition the ‘IR 
program back-up’ line is blocked and the IAR is 
incremented in the normal manner. Thus, an 

automatic advance instruction is equivalent to a 


no-op operation. 


Line Activated By Any 
Device 


‘1/0 condition B’ only 


‘1/0 condition A’ only 


Both lines 


Neither line 





Significance 


Correct address, valid 

N code, device not busy 
and doesn’t need atten- 
tion—instruction ac- 
cepted. 


Correct address, valid 
N code, device busy 
or needs attention— 
instruction rejected. 


Incorrect parity —causes 
processor check and 
DBO parity check. 


Invalid address or N 
code—causes processor 
check and invalid de- 
vice address. 









ADVANCE 
PROGRAM LEVEL 





| 1-Op cycle page 5-4 Al 
ff 1-Q cycle page 5-4 iC 
iE I-R cycle page 5-63 a 


Tested during !-OQ cycle 
Ct 8. Activates ‘program 


interlock’ (page 2-2) 
Q 
code of 
0 
Yes 
1/0 


condition 
satisfied 


















KD131 





NEXT SEQUENTIAL 
INSTRUCTION 


5-80 


SYSTEM OPERATIONS 
INITIAL PROGRAM LOAD — IPL pmsl eS 
e 


e Program load key initiates a system reset cycle. 


e@ If this is first IPL or system reset since power on, 
perform an initial main storage scan. 


@ IPL activates data bus out 7 for the alternate 
IPL device (5424, 2560, 1442, or 3741). 


e IPL activates data bus out 5 for disk read. 


The initial program load operation is started by 
pressing the program load key. Pressing this key 
initiates a system reset cycle and selects the card 
device or file by activating a Data Bus Out line. 
DBO bit 7 selects the card read device while DBO 
bit 5 selects the disk. The input device selected is 
determined by the program load selector switch 
on the operators console (see page 2-4 for circuit). 


After the input device is selected, it activates the 
select line to add all zeros into its DAR and the 
{!AR. The Data Bus Out line causes the device to 
load one card or block into main storage begin- 
ning at address 00 by using the normal cycle steal 
sequence. After one record or card has been trans- 
ferred to storage, the IPL line is reset with 1/O 
condition B giving a machine cycle advance. Since 
the !AR was reset to zero, the first op code is in 
location 0000. 





(PL 


System reset cycle 


page 6-2 . Select [AR and DAR. 





zeros. 





10 mode. 





Clock continues to run. 


Activate ‘wait state’ 


1/O attachment requests 
cycles to transfer data 
beginning in storage 
location 0000 (data ad- 
dress register all zeros) 


‘1/0 condition B’ resets 


IPL at end of data 
transfer 





Activate ‘process run’ 


Y 
on 


END IPL 







Program begins with 
{AR at 0000 





~ 14. Send DBO bit 7 (card read) 


or bit 5 (file). See page 2-4. 


| 

l 2 

| 3. Load selected LSRs with all 
| 4. Reset active PMR to Mode! 


System Operations 


5415 TMD 


6-1 


SYSTEM RESET 


SYSTEM RESET 
Objectives 


e Enter an immediate idle state. 


e@ CPU registers, controls, and status indicators 
are reset. 
oa n'a Clock 0 Activate ‘force clock 
e@ Perform initial main storage scan if this is the 9’ 
first IPL or system reset since power on. 





Note: Before attempting a CE operation immed- 
iately following power on, press SYSTEM RESET 
to activate ‘initial memory scan’. Main storage 
check bits are not reset with a power on reset. 






KD141 


Clock 1 Reset A or B register; ny Activate ‘load A or Activate ‘load O reg’ 
set P bit B reg’ and ‘load op reg’ 


AV 132 


Clock 2 Activate ‘load ALU’ ; aia output should be 














Activate ‘load A or 
B reg’ 


Activate ‘load QO reg’ 


Clock 3 and ‘load op reg’ 


Reset to zero 


KL101 


: ; - | 1AR and PSR are selected 
Activate ‘LSR write lo’ lad vaset 





Clock 4 Activate ‘load ALU’ 










KD141 


Activate ‘load QO reg’ 


Clock 5 petvats ‘load A or 
B reg 


Activate ‘bin sub gate’ 


KL101 





Clock 6 Activate ‘load ALU’ Activate ‘LSR write lo’ 
Note: System reset is enabled only 
in process mode (KB141). 


Activate ‘load op reg’ 







‘Bin sub gate’ left up 
from last operation 












Clock 

Force Clock 9 
BSM Select 
Load SAR 
SAR Select 
PSR Select 

A Reg Input 


B Reg Input 
Load A or B Reg 
Bin Sub Gate 
Load ALU 

ALU Output 
LSR Write 

BSM Write 
Op-End 

Load Op Reg 
Load Q Reg 


KY 121 


KD141 
Activate ‘load A or Acti ‘| i 
Clock 7 c Nore oad 2 reg 
B reg and ‘load op reg 
Activate ‘load SAR’ 
Clock 8 Activate ‘load ALU’ Activate ‘LSR write hi’ 
Reset active PMR 
to Model 10 mode 
(privilege bit on, Clock 9 Activate ‘load SAR’ 


6-2 
















all others off) 








Ist 
IPL or 

system reset 
cycle 


Page 6-5 


System Reset ALD Reference 






0 1 2 3 4 5 6 7 8 9 
eres ce leas fee ew ea 
Ae ie ee We ete wee we 
es ee ee ee ee eee 





KA232 
KC132 
KC141 
KL141 
KL121 
RA101 
RA131 
RA101 
KY121 
AV 132 
AV142 
KL101 
KC132 
KD131 
KD141 
KD141 





x 
x< 


Note: Parity checking is disabled during system reset. 


SYSTEM RESET (Part 2 of 2) 


Sys Rst Cycle 


iw Initial Memory Scan 
IPL Key IN js 


T1 
6-4 A 
Sys Rst Key FF 
ie» Initial Memory Scan Complete fi A 
64 Nn) 






























Pwr on Rst 
Clk O 
ADT ce is T2ci8 
cl8 
Nw KA202 
Main Storage 2] 
(odd not 9CD) Load A or B Reg 6h 
Phase DE RA101 {7} 
Load SAR 
Cl 3C to 5C Nn Bin Sub Gate 
EB Cycle 
KY121 
Load ALU 
Half Word Format New 1st E Cycle = AR 
Clock 4. | | A 
AV132 
Le 
EB Cycle a LSR Write Lo 
Wait State | | A} OR 
Alter Display Storage 
Alt/Disp! ATT/PMR Fast | Cycle iy] 
— " 
Channel Inhibit LSR Load Clock 6 
1L1 Cycle KLW1 
LSR 
I/O Not CE Test __!b2 Cycle or Neroax 8 | Write Hi 
Idle Time EB Cycle hd 
Dummy Half Cycles eT 
A or B Reg Chk Half Word Format New Clock 4 a 
(not) 1IstE Cycle |_| 
LSR ToAorB _ & 
Dummy Half Cycles KL111 
Normal Display | N 
Idle Time | 
Note: 1, Refer to page 2-1 for 1AR (high) IAR (low) 


1AR Seld 
Sys Rst 


KL101 


clock circuits 
2. Refer to page 2-2 for 
cycle controls 


olif2]3}4isjel7{ojr{2{ai4{sie{7 


16+ 2P 





Op-End 


i 


System Reset 


KD131 


Even Not 0 CD 


Load 
Op Reg 
System Reset 
KD141 
Op 
Reg x 
2 x 
Reg 
Load System Reset 
Q Reg 
Odd Not 9 CD 
KD141 


System Operations 


5415 TMD 6-3 


ALTER STORAGE/INITIAL MEMORY 
SCAN (Part 1 of 4) 


Initial Memory Scan 


e@ Operation is the same as alter storage operation 
with the STORAGE TEST switch set to RUN. 


e@ Transfer data from the two right-most console 
ADDRESS/DATA switches (one byte) into 0 
register and storage location designated by SAR. 


e Increment SAR one address each cycle, and re- 
peat data transfer. 


@ Increment SAR E15, SAR E14, and SAR E13 
to alter the remaining BSMs. 


@ Continue operation until ALU carry occurs 
eight times. 


The Mode! 15 main storage check bits cannot be 
predicted after power on. Therefore, the contents 
of storage must be altered to generate check bits 
that will not cause an error. This is accomplished 
by storing the contents of the console data switches 
in every main storage location. 


The initial memory scan cycles are taken the first 
time SYSTEM RESET or IPL is pressed after a 
power on. 


‘Initial memory scan request’ is activated with the 
POR relay. ‘T2 cl 8’ of the first system reset acti- 
vates ‘initial memory scan’. ‘Initial memory scan’ 
then starts an alter storage operation. The alter 
storage Operation is the same except the STOR- 
AGE TEST switch and START key functions are 
bypassed. 


The contents of the console switches are stored 
sequentially in every storage address until an ALU 
carry occurs eight times (LAR update resulted in 
an overflow when the address for 64K was passed). 
The IAR overflow occurs eight times to make sure 
all main storage positions are in correct parity. 


Main storage size is not considered because an in- 
valid address check is prevented by inhibiting 
‘load check latches’ and ‘reset check latches’ (see 
page 2-18 or ALD KB141). 





72) T2 Clock 8 


24 


Pwr Rst Relay 


Scan Complete 


Process Mode 


Chan ALU Carry 


Clock 0 










Finish IPL sequence 









Initial Memory 
Scan Request 


FL 












Alter Storage (mode) 


| lg : 
me Process Mode 
i 


hes a EF Clock 4 Not Wait 


T2 Clock 8 
Power On Reset Relay loR| 


18th Bit MS Scan 


17th Bit MS Scan 


Initial Memory Scan Request 


Initial Memory Scan 


Alter Storage 


19th Bit MS Scan 











Memory Scan Complete 


6-4 


2-4 
6-3 


ALTER STORAGE/INITIAL MEMORY 
SCAN (Part 2 of 4) 


Alter Storage 


Activate ‘IAR seld’ 


e Transfer data from right-most two console Ad- 
dress/Data switches (one byte) into OQ reg and 
storage location designated by SAR. 


Activate 


e With storage test switch in STEP, pressing start 
key advances clock through 4 time. Releasing 
start key advances clock through 9 time. 


e With storage test switch in RUN, clock re-cycles, 
skipping 9 time, until switch is returned to 
STEP. 


e Address Increment switch ON causes IAR to be 
incremented each CPU cycle. 


@ The EXTENDED SAR ADDRESS BITS rotary 
switch determines which BSM is addressed 
(SAR E13, E14, and E15 are not incremented). 


e Address Increment switch OFF causes console 
data to be transferred into same storage loca- 
tion each cycle. 


System 
ALTER STORAGE reset 
page 6-2 


tnitial memory scan 


Clock 1 and 2 


Clock 0 


Address storage 





Initial 


memory 
oF 
Storage 


test switch 














Activate ‘enable clock 
run’ page 2-6 


KA232 


Activate ‘force clock 9’ 






Address xlate active 


Address storage 


Move data from console 
switches (hi) (not used) 































KL141 
KL141 Clock 3 and 4 Activate ‘IAR seld’ 
Move data from console 
Address/Data switches RA101 
(lo) (Right-most two re an 
switches) ctivate ‘loa or 
‘load SAR’ KY121 
| Address translation de- Initial Activate ‘bin sub gate’ 
| scription is on page 2-54 Yes nitia 
SE memory 
Ves scan AV132 
No Activate ‘load ALU’ 
Select xlate reg KC132 
Storage Activate ‘BSM write’ 
test switch 








Step 










If storage test switch is 
in STEP, ‘Enable Clock 
Run’ is activated again 
when start key is re- 
leased 


KA232 





Start 
key released 
(page 2-6) 









Clock 4F [ 
| 
i 
| 
| 
| 
| 


KC1320 El 
Activate 'BSM select’ Clock 5 and 6 
Modify low order of in- 
KL141 struction address register KC132 
Activate ‘AR seld’ Activate ‘BSM select’ 
ctivate se 
KD141 
RA101 
Activate ‘load A or Activate ‘load Q reg’ 
B reg’ 
KL141 
KY121 
Activate ‘bin compl Activate ‘IAR seld’ 


A reg’ 












KY121 
Activate ‘bin sub gate’ increment 
switch 






AV132 


Activate ‘load ALU’ 


On KG141 


Activate ‘misc bit 7 to A’ 








Activate ‘load A or 
B reg’ 


Activate ‘bin sub gate’ 


Activate ‘load ALU’ 


Activate ‘write LSR Io’ 


Clock 7 and 8 


Modify high order of in- 
struction address register 


Initial 
memory 
scan 


KL141 


Activate ‘IAR seld’ 


D 
z 
= 







Activate ‘load A or 
B reg’ 







> 
< 
Ww 
nN 


Activate ‘load ALU’ 






Memory 
scan 
complete 






A 
- 
—_ 
o 
~~ 







Activate ‘write LSR hi’ 





Storage 
test switch 


Run Cs ) 







Step 


KL141 
Clock 9 KC142 
Activate ‘IAR seld’ Yes 
and ‘load SAR’ 
No 







Initial Yes 


memory 





System reset 
page 6-2 

To IPL Gg 

page 6-1 


System Operations 5415 TMD 6-5 


ALTER STORAGE/INITIAL MEMORY 
SCAN (Part 3 of 4) 


Cl 7 and8 





Gate LSR HitoB 
Wait State 


Fast !-Cycle 






Alter SAR or Storage* 












Cl 1 and 2 








System Reset Gate 1/O Bus toA 


Gate LSR Lo to B Cl 3 and 4 


Cl 5 and 6 









. DBI (console switches) KE121, PA111 


Main Storage ~ Lead A or B Reg 
ee (not) IR Program Backup 


Ci 5 and 6 








Load A or B Reg (odd not 9CD) 


Force Bit 7to A 
RA101 





~JefoJ=[e]s]=Je) 


Aiter/Display Storage* 


CE Test No Increm 
FL 
(not) Address Incr Switch On 
ioe fo Test Mode 


KY121 Odd CD 









Bin Comp! A Reg 


Phase DE 


















Clock 9-0 Load SAR 


BSM Write 








Alter Storage Mode* (not) 3C to 5C 














(not) SAR Address Error Test Mode 
Wait State (invalid address) KY 121 
Aux ALU Out 
Alt/Disp! ATT/PMR KC132 
ALU Gating Ckts 
ci5 
Load Q Reg 
Alter/Display Storage* 
KD141 
1L1 Cycle 
LSR Write Hi A Clock 8 WN pr 1L2 Cycle 
KL111 Channel Inhibit LSR 
A 
B+P Clock 6 1/O Not CE Test 
Dummy Half Cycles LSR Write Lo i Wl Fast | Cycle 
: = Dummy Half Cycles 

Normal Display ff idle Time 

idle Time 1AR Sel KL111 

A or B Chk 
Alter Display Storage" fo}i}2]/3}4{sfel7}o}i[ 2] 3]4[s[e]7| 
LSR to Aor B 


* Also active during initial memory scan. 
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ALTER STORAGE/INITIAL MEMORY SCAN (Part 4 of 4) 






























BSCA/LCA BSCA‘LCA 
ON OFF SAR ON ON 
ADDRESS 0 ADDRESS Oo 
ON MSAR OFF OFF COMPARE CHECK (CE key) ON MSAR OFF OFF COMPARE CHECK (CE key) 
% 6 4 
Bs» + ants | paket: ued mm © @O (C) ADDR INCREM Switch: ae. ne alee ee mom ©oO Q) 
OVERLAP DISPLAY |] CHK BITS TEST (CE use meter) EXTENDED SAR ADDRESS BITS | OVERLAP DISPLAY | CHK BITS TEST (CE use meter) 


































































ON — JAR incremented by 
OFF ICYCLE ECYCLE ey 
TEST STEP one each CPU cycle. STOP RUN CYCLE ECYCLE nee ates 
PROCESS ieee 
DISPLAY Nae DISPLAY 
tas INSTR 
hae OFF — IAR addresses same STOR 
STOP ON RUN RUN ee 
NORMAL able Mee BE storage position each BUN STOR eat ALTER MACHINE 
| aren Y i CHEEE | STOR” ON CYCLE 
0 PARITY ADDR ADDRESS IAR XR} CPU cycle 0 PARITY ADDR ADDRESS 1AR xR] 
CHECK _ INCREM COMPARE AP ane ae CLOCK CHECK INCREM COMPARE ARR XR 2 ALTER 
SAR Ae CLOCK 
OFF OFF srr ake S 
ALTER 
ALTER 
LSR DISPLAY 
Sverewl enwer ATT/PMR LSR DISPLAY hae eae 
SELECTOR SYSTEM SELECTOR 
RESET || RESET 
DISPLAY RESET DISPLAY 
ATT/PMR CE MODE ea CE MODE 
SELECTOR SELECTOR 








Start Key Held Start Key Released 


ALD 
Reference 
0 1 2 3 4 5 6 7 8 9 
Clock A B Cc D E F --F--F-- A B Cc D E F KC122 Clock ja fe SS 
Boareree KC132 BSM Select is changed to STEP 
Load SAR Load SAR 


ory scan, until 
‘memory scan com- 
plete’ is active. 


Enable Clock Run 


a KC142 


KA232 Enable Clock Run 









IAR Select KL141 IAR Select Note: lf in initia! 
|_| Console Bits (Hi) Console Bits (Lo) Console Bits (Hi) Console Bits (Lo) memory scan, tim- 
A Reg Input RA111 A Reg Input ing is the same as 
B Reg Input RA101 B Reg Input Test switch were 
set to RUN. 
Load A or B Reg RA101 Load A or B Reg 
siete, © (etl ee ——__—_——_—— ia eae, Ve i ee et 
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DISPLAY STORAGE (Part 1 of 3) 
Objectives 


e@ Transfer data from storage position addressed 
by SAR into Q register and display in console 
lights. Drum switch (roller display) is in posi- 
tion 5 for ALU output, postion 3 for O register 
output. 


e DISPLAY CHK BITS switch set on determines 
if display is data or check bits (ALD KA322). 


e With STORAGE TEST switch in STEP; pressing 
start key advances clock through 4 time. Re- 
leasing start key advances clock through 9 time. 


e With STORAGE TEST switch in RUN; clock 
recycles, skipping 9 time, until switch is re- 
turned to STEP. 


e ADDR INCREM switch ON causes IAR to be 
incremented each CPU cycle. 


@ EXTENDED SAR ADDRESS BITS rotary 
switch selects BSM (SAR E15, E14, and E13 
are not incremented). 


e@ ADDR INCREM switch OFF causes data to be 
transferred from the same storage location each 
cycle. 


e If storage address is displayed SAR/MSAR 
switch should be on MSAR (see page 6-18). 


DISPLAY STORAGE 


Clock O 


Address storage 









Storage 
test switch 









Activate ‘enable clock 
run’ (page 2-6) 


KA232 


Activate ‘force clock 9’ 


KL141 


Activate ‘IAR seld’ 


KC142 


Activate ‘load SAR’ 








Address translation de- 
scription on page 2-54 






Address xlate active 


Select xlate reg 


Address storage 








Clock 3 and 4 
Move data from storage 
to console display KL141 
Activate ‘IAR seld’ 
RA101 


Activate ‘load A or B reg’ 


Activate ‘gate SDR to B’ 


KY 121 


Activate ‘bin sub gate’ 


AV 132 


Activate ‘load ALU’ 


Run 









Storage 
test switch 


Clock 4F 
KA232 





Start 
key released 
(page 2-6) 











If storage test switch is 
in STEP, ‘Enable Clock 
Run’ is activated again 
when start key is 
released 






Clock 5 and 6 


Modify low order of in- 
struction address register 


KC132 






Activate ‘BSM select’ 


Activate ‘load QO reg’ 


Clock 7 and 8 


Modify high order of in- 
struction address register 





Run 







Storage 
test switch 


Step KL141 


Clock 9 KC142 


Activate ‘IAR seld’ and 
‘load SAR’ 


Activate ‘IAR seld’ 






Address 
increment 
switch 






Off 






On 


KG141 


Activate ‘misc bit 7 to A’ 


RA101 


Activate ‘load.A or B reg’ 


KY121 


Activate ‘bin sub gate’ 


AV 132 


Activate ‘load ALU’ 


KL101 


Activate ‘write LSR Jo’ 


KL141 


Activate ‘IAR seld’ 


RA101 


Activate ‘load A or B reg’ 


AV 132 


Activate ‘load ALU’ 


KL101 


Activate ‘write LSR hi’ 
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DISPLAY STORAGE (Part 2 of 3) Cl 7 and8 
Gate LSR Hi toB 


Wait State A 
Fast I-Cycle Bi 
System Reset 
Gate LSR LotoB 
Cl 5 and 6 S 
EB Cycle Invalid Address 
(not) Recompl Cycle * 
Inhibit SDR Transfer (not) 3 and 4 Time 
Wait or Alter Disp Alter SAR or Storage | Gate SDR toB 
ATT-PMR 1/O Block SDR 


Aiter/Display Storage 









System Reset 


KG141 





(odd not 9CD) (not) Address Incr Switch On 


RA101 







SAR E13, E14, and E15 are 
not incremented but are 
selected by the > 64K, 

> 128K, and > 256K PHs. 






(not) I-R Program Backup 
Cl 5and6 







Main Storage 


PH 
>64K 
Rotary Address PH 
Switch (CE >128K 
console) 
PH 
>256K 


Phase DE Load A or B Reg oO 


Clock 9-0 Load SAR 


Load O Reg 





Alter/Display Storage 









If DISPLAY CHK BITS switch 
is ON, main storage check bits 
are displayed. If the switch is 
OFF, main storage data ts dis- 


Drum played (ALD KA322). 
Switch 





Bin Compl A Reg 











; 
Pa Test Mode 
eal 



















aoe Te b Pe biaisisb]_acvoune 
(not) 3C to 5C 2 
| KY121 Odd CD 
Alt/Disp| ATT/PMR Bin Sub Gate\. 
Test Mode A 
9 
KV121 AV152 Switch position 3 displays 
Aux ALU Out the QO register. 
IL1 Cycle Channel Inhibit LSR 
ALU Gating Ckts uae 
LSR Write Hi Clock 8 N 1L2 Cycle 1/0 Not CE Test 
Idle Time 
Dummy Half Cycles 
LSR Write Lo ‘ a Fast | Cycle A or B Reg Chk 
Clock 6 
LAR Seld KL111 Dummy Half Cycles LSRtoAorB 
IAR (high) IAR (low) i oe fi Normal Display 
I BEBeooouooEaoeoE te Ti 
+ 
KL101 Alter/Display Storage 


16 + 2P 
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DISPLAY STORAGE (Part 3 of 3) 































BSCA/LCA 
OFF SAR ON ON 
| ADDRESS 1/0 
ON MSAR OFF OFF. COMPARE CHECK (CE key) 
Coo © © C1) ADDR INCREM Switch: 
EXTENDED SAR ADORESS BITS 1/0 SAR DISPLAY LOCAL 
OVERLAP DISPLAY CHK BITS TEST (CE use meter) 





ON 


— IAR incremented by 
one each CPU cycle. 









ICYCLE ECYCLE 





TEST STEP 


PROCESS 


/- INSTR 
MACHINE 


CYCLE 


DISPLAY 
STOR 


ALTER \ | 


OFF — JAR addresses same 
storage position each 


CPU cycle. 


STOP 













RUN RUN 


STOR 
PARITY 


CHECK 


ADDR 
NCREM 


ADDRESS 


COMPARE ALTER 


SAR CLOCK 





NORMAL 
IAR XR 
| ARR XR2 
OFF OFF 


LSR DISPLAY 
SELECTOR 


ALTER 
SYSTEM ATT/PMR 


RESET DISPLAY 


ATT/PMR CE MODE 


SELECTOR 





Start Key Held Start Key Released 


ALD 
= Reference 
0 1 2 3 4 5 6 7 8 9 
Clock A|[BIC]D{E] F--F--F-- A|BICIDJE|]F KC122 
Sate, ch ete oe ad Po ee ie 
tattered oll es | eet ae a 
ened Hee ee fee alee ea ee ee cua 
A Reg Input RA111 
B Reg Input RA101 
Piceeaeeie ae Ee a as 
Se fen ee ote el ee ee ee de i 
Lo | Hi 
Load LSR KL101 






















SYSTEM 
RESET 


Clock 

Force Clock 9 
BSM Select 

Load SAR 
Enable Clock Run 
IAR Select 

A Reg Input 

B Reg Input 
Load A or B Reg 
Bin Comp! A Reg 
Bin Sub Gate 
Load ALU 

Load LSR 


Load Q Reg 





EXTENDED SAR ADDRESS BITS 





ON 


1/0 
OVERLAP 


STOP 


PARITY 
CHECK 


CHECK 

































BSCA:LCA 
ON ON 
ADDRESS 10 
( k ) 
MSAR OFF OFF COMPARE CHECK Ceney 
SAR DISPLAY LOCAL COT) © © ( | ) 
DISPLAY CHK BITS TEST (CE use meter) 
1CYCLE ECYCLE TEST STEP 
PROCESS 
DISPLAY 
ane —< ye 
ON | RUN RUN GRMRE i ALTER \ MACHINE | | 
STOR CYCLE 
ADOR | ADDRESS IAR ma - 
ALTER 
INCREM | COMPARE ARR XR 2 aa CLOCK 
OFF OFF 
ALTER 
LSR DISPLAY ATT/PMR 
SELECTOR 
DISPLAY 
ATT:PMR CE -MQDE 
SELECTOR 





a 
es 


Be ee el ete dl 


— 


Recycles until 
Storage Test switch 
is changed to STEP 






IAR Hi 
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ALTER ATT/PMR (Part 1 of 2) 


Objectives 


Move address from !eft-most two console 
ADDRESS/DATA switches into Q register. 


Address ATT/PMR. 


Move data from right-most two console switcnes 
into ATT or PMR register addressed. 









ALTER ATT/PMR 


Address ATT/PMR with 
left-most two console 
switches (high) 





Activate ‘gate console 
bit hi’ 






Activate ‘gate |/O bus 
to A’ 









Activate ‘load ALU’ 


Activate ‘load QO reg’ 


eee ae 


Alter 
ATT/PMR 





Address the ATT 


Activate ‘gate Q to PMR’ 












ATT register addresses are hex 
00 to 1F (32 registers). 


PMR addresses are: 


Program level PMR — hex 20 and 30 
Interrupt level O PMR — hex 28 and 38 
Interrupt level 1 PMR — hex 29 and 39 


Interrupt level 7 PMR — hex 2F and 3F 
(3x addresses are for the !/O >256K 
bit.) 


Move contents of 
right-most two 


switches (low) to 
ATT/PMR 
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KC152 


Activate ‘gate console 


bit lo’ 





KG131 


Activate ‘gate |/O bus 
to A’ 


AV132 


Activate ‘load ALU’ 


Alter ATT 
ATT/PMR 







Activate ‘load ATT’ 


Activate ‘load PMR’ 


ALTER ATT/PMR (Part 2 of 2) 


Alter ATT/PMR 






Ci 1 and 2 

















Gate 1/O Bus toA 
Cl 3 and 4 


DBI (Console switches) KE121 


Clock 


Aux ALU Out Gate Console Switches Hi 


Gate Console Switches Lo 
ALU Gating Ckts 


Gate 1/O Bus to A 


Cl 3 Load ALU 





Load QO Reg 






ALU Output 
Alter/Display ATT/PMR 
KD141 Load Q Reg 
Gate Q to PMR 
Load PMR 


Load ATT 





ATT 


Alter ATT/PMR 


Load ATT (not) OQ bit 2 





1/0 Cycle 







(not) Display ATT/PMR 







Load PMR (not) Store PMR Instruction 


Alter ATT/PMR 
1/O Cycle 





Gate Q to PMR 


KP122 
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ALTER SAR (Part 1 of 3) 
Objectives 


e@ Load contents of four console Address/Data 
switches into the Instruction Address Register 
(1AR) by way of Data Bus In, A register and 
ALU. 


@ Load SAR from the IAR and the >64K, 
>128K, and >256K PHs (ALD KP132) at 
clock 9 time. 


e@ When start key is pressed, the clock runs O 
through 4. When start key is released, clock 
runs from 5 through 9. 


e SAR/MSAR switch should be on MSAR (see 
page 6-18). 


ALTER SAR 






Clock 0 


Address storage 


Clock 3 and 4 


Gate console bits lo 
from DBI to |AR 







KL141 


Activate ‘IAR seld’ 








Activate ‘IAR seld’ 


KY121 


Activate ‘bin sub gate’ 


KA232 


Activate ‘force clock 9’ 


KC142 


Inhibit SOR to B 


Activate ‘load A or B reg’ 


Activate ‘load ALU’ 












description is on 
page 2-54 


Select xlate reg 


KL101 


Activate ‘write LSR to’ 





Address xtate active 


Address storage 


Ciock steps 4A, B,C, 
D, E and stops at phase 
F. Clock re-starts when 


Clock 1 and 2 start key is released 


Gate console bits hi 
from DBI to 1!AR 








Clock 5 and 6 





KC132 
Move !AR Io through 
Activate ‘BSM select’ B reg, ALU, and back 
to IAR (no change) KC132 
= Activate ‘BSM select’ 
Activate ‘IAR seld’ 
KL141 
RA101 


Activate ‘IAR seld’ 





Activate ‘load A or B reg’ 


RA101 


Activate ‘load A or B reg’ 


Light binary 


subtract indicator 





Binary subtract is 


up in test mode 


Activate ‘load ALU’ 


KL101 


Activate ‘write LSR hi’ Activate ‘write LSR lo’ 














KY121 
Activate ‘load SAR’ oes 
Activate ‘bin sub gate’ ; 
Address translation Complement A Register 


Clock 7 and 8 


Move IAR hi through B 
reg, ALU and back into 
IAR (no change) 














KL141 


Activate ‘IAR seld’ 


RA101 


Activate ‘load A or B reg’ 


AV 132 


Activate ‘load ALU’ 


KL101 


Activate ‘write LSR hi’ 





Clock 9 









Move contents of !AR 


tenn KL141 


Activate ‘IAR seld’ 


Activate ‘load SAR’ 
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~ ALTER SAR (Part 2 of 3) 







DBI From Address/Data Switches (4) 


KE131, PA111 









Load A or B Reg (add not 9CD) 
RA101 





Main Storage 
Bin Comp! A Reg 
Test Mode 





























1 
(>256 PH determines 
the 19th address bit) (not) 3C to 5C 
Bin Sub Gate 
Test Mode 
>128K PH determines 
From Rotary the 18th address bit 
‘Address Switch 
(CE console) Aux ALU Out 
>64K PH determines 
the 17th address bit 
[ALU Gavia om clock Mt ovel 







Phase DE 
Clock 9-0 








Load SAR 





LSR Write Hi 
A iN 1L2 Cycle 
X | | Clock 2 


| | Alter SAR Mode 
es 














Wait State KL111 
EB Cycle 
Alt/Disp!| ATT/PMR in 
et Clock 4 Alter Display Storage 
eis] 
: LSR Write Lo H+ | 
Dummy Half Cycles a ry Fast | Cycle Channel Inhibit LSR 
Al |. Clock6 
Normal Display i A 
Sel JAR CE 1/O Not CE Test 
‘arene Soe 1AR (low) Lat idle Time 
oT T2]3]4Ts[s] fo] [2 [s]4[s]e]7] N}-——Jor Dummy Half Gycle 
Aor B Reg Chk 
oe LSR to AorB 
Note: Refer to page 2-1 for 
clock circuits. 
8+P 
Ref -4f 
er eae oa * Also active during initial memory scan 
run controls. 
16 + 2P 
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ALTER SAR (Part 3 of 3) 


pan Start Key ae pea ee Key hegre eae | 


ALD Reference 





Clock 

Force Clock 9 KA232 
BSM Select KC132 
Enable Clock Run KA232 
Load SAR KC142 
IAR Select KL141 
A Reg Input RA111 
B Reg Input RA101 
Load A or B Reg RA101 
Bin Comp! A Reg KY121 
Bin Sub Gate KY121 
Load ALU AV 132 
ALU Output AV142 
Load LSR KL101 
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6-18 
DISPLAY SAR/MSAR 


Roller Position 1 


SAR DISPLAY switch determines what is dis- 





played in roller position 1. OFF “4 on Pent 
-Switch Setting Displays f yy. f R Extended SAR| 5 | 6| 7| 
; : - ADDRESS /0 
ON SAR... OFF OFF COMPARE CHECK (CE key) 
SAR All SAR positions ex- 


1/0 SAR DISPLAY LOCAL CH) © © C1) 


OVERLAP tIHSPLAY) CHK BITS TEST (CE use meter) 


cept E13, E14, and E15 





Display SAR (roller position 1) 



























MSAR (translate active) ATT contents plus SAR sTop RUN BUN She §| Mey SOE <b Perce TEST STEP (disp SAR) 
positions 5-15 tee PROCESS a * 
eee INSTR 
MSAR (translate inac- All SAR positions in- ane | are Pe | Seer on en ALTER MACHINE oe 
; : STOR L 
tive) cluding E13, E14, and vo PARITY | STORAGE ADDR ADDRESS IAR XR 1 Disp MSAR 
| E15 CHECK CHECK TEST INCREM COMPARE ARR XR2 | ns CLOCK Select MSAR (sw) A = 
OFF OFF 
LSR DISPLAY oe { 
voy CHECK BSCA Eee ATT/PMR 1 E13 
ESET RESET STEP DISPLAY zz 
ATT/PMR CE MODE 2 
SELECTOR eo =| , a 
SAR E13 fea 2 
eal 2 E15 
E14 
E15 a 1 Pp 
P Ie ae 
eT ee 
ace 
y Lees 
Hi 3 
4 E13 
E14 aa 2 6 
5 
E15 1 
6 ATT P al 2 7 
7 7 (32 0 he 1 
registers) 1 é 
: 2 ay 
: : Ee 
4 2 0 
9 
Es, 
10 A-B3B2 
Lo 11 MA142 
12 
13 Translate Gate , 
14 2 7 
A-B3B2 


MA102 


SYSTEM CONSOLE 


The system control panel contains the lights and 


switches required to operate and control System/3. 


System controls include the: operator controls, 
console display, and customer engineering (CE) 
controls. The operator section contains the con- 
trols required for normal operation. The console 
display panel provides the operator and the CE 
with a visual record of the contents of the various 
registers in the CPU and the status of the major 
CPU controls. The CE controls serve as diagnostic 
aids in locating malfunctions. 


IBM ...3 


EPO 


CE Controls” 







—_ Usage Meter 


Console Display +—_____ BSCA/LCA 


Control Panel 


BSCC 


i_ Panel 


«————- System Controls 


OPERATOR CONTROLS 


The Emergency Power-Off (EPO) Pull 
Switch (ALD YA102) 


Pulling this switch turns off the power beyond 
the power-input terminal on every unit that is 
part of the system. The switch latches when 
you pull it out. 


When the emergency pull switch is out, the POWER 
ON/OFF switch is ineffective. 


Usage Meter (ALD YA104) 


The customer usage meter records system operat- 
ing time. The meter begins recording time when 
you press START or PROGRAM LOAD and ends 
when the job is completed. 


However, when operating in one of the step modes, 
the meter runs for 400 us each time START is 


pressed. 


Time is not recorded if one of the following condi- 
tions exists: 


e Manual or programmed halts stop the proces- 
sing unit. (However, time is recorded when 
1/O operations are being performed during a 
programmed halt.) 

e A processor check occurs. 


e Power is lost. 


e The CE key is turned off for system servicing. 


System Console 
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File Control Panel 


PROGRAM LOAD SELECTOR Switch without 
3344 installed (ALD PC101, YD100) 


This switch is used to select 3340 disk drive 1. 
The 3340 F1 and R1 switch positions refer to 
5444 simulation areas on the 3348 data module. 


The alternate position refers to one of the card 
1/O devices designated as an IPL device. These 
are the 1442 or 2560 for reading 80-column cards 
or 5424 for reading 96-column cards. 


Note: When the channel terminate feature (card- 
less system) is installed, the 3741 becomes the 
alternate program load device. 


PROGRAM LOAD 
SELECTOR 


ALTERNATE 





PROGRAM LOAD SELECTOR Switch with 3344 
installed (ALD PC101, YD100) 


This switch is used to select disk drive 1 (3340) 
or disk drive 3 (3344). The DISK 1 F1 and R1 
switch positions refer to 5444 simulation areas 
on the 3348 data module. The DISK 3 F1 and R1 
switch positions refer to 5444 simulation areas 
on the 3344 fixed media storage. 


The alternate position refers to one of the card 
1/O devices designated as an IPL device. These I/O 
devices are the 1442 or 2560 for reading 80-col- 
umn cards, or 5424 for reading 96-column cards. 


Note: When the channel terminate feature (card- 
less system) is installed, the 3741 becomes the 
alternate program load device. 


PROGRAM LOAD 
SELECTOR 


ALTERNATE 
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PROCESSOR CHECK Light (ALD PC111) 
This light being on indicates one of the following: 


e An invalid operation code, an invalid address, 
or a parity error is detected in the CPU. 


@ The device address (including the M field) and 
the N field of an I/O instruction is not recog- 
nized. 


@ The 1/O device recognizes a parity error on data 
bus out at the 1/O attachment. 


@ The immediate !/O error stop is on and an 1/O 
error occurs. 


This light is turned off when a system reset occurs 
or when the CE check-reset key is activated. 


The processor stops on any of the above errors, 
and |/O data may be lost. The console display 
shows the error. Following a processor check, use 
the program load procedure for a normal restart. 


POWER ON/OFF Switch (ALD YA102, 
PC111) 


This switch initiates the power on/off sequence of 
the system. As part of the power on/off sequence, 
a system reset is performed so that no !/O opera- 


tions take place until they are specifically directed. 


The contents of main storage are not guaranteed 
after power on/off sequence. 


Note: A power check occurs if the power on/off 
switch is turned on before a normal system power 
off sequence is completed. 


START Key (ALD PC111) 


Pressing the start key takes the processor out of 
its stopped state, turns off the stop light, and 
allows the processor to continue. In the CE mode 
of operation the start key is also used to start the 
processor clock and then sequentially advance it. 


Message Display Unit (ALD PB131) 
This two-position message display unit keeps a 
running display of the halt identifier portion of a 


halt instruction. 


Refer to page 5-66 for halt instruction description. 


Op Code Q Code R Byte 


identifier (tens) Identifier (units) 










fwoiieraxo [ans ons [ora [ara [ons [are [on 





(Message Display Unit) 


—— 
PROGRAM PROCESSOR 


LOAD CHECK 
—— 





1/0 ATTENTION Light (ALD PC111) 


1/O ATTENTION lights when an addressed 1/0 
device requires normal operator intervention. 
Normal operator intervention includes: 


e@ Printer — forms out, cover interlock. 


e MFCU — hopper empty, stacker full, chip box 
full, cover interlock. 


The light goes off when the operator has inter- 
vened and returned the device to the ready state. 
1/O attention does not stop normal CPU proces- 
sing. However, most start I/O or load 1/O instruc- 
tions are not accepted. The exception is: Inter- 
rupt enable/disable instructions are always ac- 
cepted. 


PROGRAM LOAD Key (ALD PC111) 


This key is pressed to start initial program loading 
from the IPL device. The I/O device is selected 
with the program load selector switch. A system 
reset is performed as part of the program load 
sequence. 


Pressing PROGRAM LOAD allows the first record 
or card from the disk file or card device to be read 
and stored in main storage, beginning at location 
0000. When the key is released, the CPU proceeds 
to execute the instruction sequence starting at 
location 0000. Normal program load from the 
MFCU is executed through the primary hopper. 


Should the I/O device selected be not ready, !/O 
ATTENTION lights when PROGRAM LOAD is 
pressed. Normally, to complete the program load 
function, it is only necessary to ready the device. 


STOP Key/Light (ALD PC111) 


Pressing this key stops the processor at the end of 
the operation being performed. |/O transfers are 
completed without losing information. STOP 
lights to indicate processor stop. The processor 
may be restarted without loss of information by 
pressing START. 
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CONSOLE DISPLAY 


INT LEV (Interrupt Level) Light (ALD 
PB111) 


A single indicator lamp is used to monitor whether 
any interrupt level is being serviced. The INT 1, 
INT 2, and INT 4 lights indicate which interrupt 
level (binary encoded) is being serviced. 


PWR CHK (Power Check) Light (ALD 
YA102) EE 


This light comes on when a machine power supply 
malfunctions or when a thermal condition exists. 
This light also comes on during a power on se- 
quence and remains on until the sequence is com- 
pleted. 


For additional information refer to the chart be- 
low. 


TH CHK (Thermal Check) Light (ALD 
YA102) 


The thermal check light and the power check light 
come on when overheating occurs in the CPU main 
frame. Turning OFF the POWER switch turns off 
the PWR CHK light. The TH CHK light remains 
on until! the thermal condition is corrected. Then 
the normal power on sequence can be performed. 
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EXTENDED 





5 AREG 
ALU OUT 






ATT 
COND REG 





CS ASNMT 
PMR INT 






PROC CHK 
PROC CHK 


Console Display 


MACHINE CYCLE Indicators (ALD PB111) [J 


Twelve indicator lamps represent the twelve 
machine cycles. They identify the processor cycle 
just completed in all modes except the CE clock 
step mode; in the CE clock step mode, they 
indicate the cycle in progress. Three indicator 
lamps indicate the SAR/LSR HI EXTENDED 
condition. 


CLOCK Indicators (ALD PB121) [¥ 


Ten indicator lamps represent clocks 0 through 9 
which can be stepped through in the CE clock step 
mode. In the normal process mode, a machine 
cycle consists of clocks 0 through 8. Clock 9 is 
used with the CE step and test modes. 


LAMP TEST Key (ALD YA102) 


This key turns on all system lights so that you can 
check for burned out lamps. 


DIS RE TEMP 
BREG 1 2 4 DEC D 


EB INT 
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POWER ON/ 
OFF Switch 







. Turn POWER OFF 
. Correct the problem 

. Press CHECK RESET 
. Turn POWER ON 










Internal power 
supply malfunction 





Thermal condition 











. Turn POWER OFF 
2. PWR CHK goes off 

3. TH CHK stays on until 
condition is corrected 











Customer power 
source loss 


. Turn POWER OFF 
2. All indicators turn off 
3. Turn POWER ON and 
continue operation 









Emergency power off 
(EPO) switch pulled 
out 








. Turn POWER OFF 
. Correct the problem 
. Push in EPO switch 

. Turn POWER ON 


PWN = 


A REG—Contents of the A register. 
ALU OUT—Contents of the output of the 
The register display unit consists of a row of twen- ALU. 
ty lights and eight legend strips mounted on an 
eight-position roller. At any one time, only one 6. 
of the eight strips is visible through a cutout in the 
console above the row of lights. The legend strip 
and the corresponding register displayed by the ATT function is being used. In this case, 


row of lights are selected with the eight position the addressed ATT register will be displayed. 
switch. COND REG-—The contents of the condition 


register is displayed as follows: 


CONSOLE DISPLAY (Continued) Register Display Unit (ALD PB101, PC101) 5. 


ATT—Contents of the address translate table 
registers. The ATT displayed will be the 
active ATT register unless the alter/display 





(roller) 


Page 7-4 Each legend strip, by number, is as follows: 


BIN OVF (binary overflow) 
TF (test false) 
DEC OVF (decimal overflow) 


1. SAR HI/SAR LO—Contents of storage 
address register (high and low) or MSAR 


depending on SAR display toggle switch. HI (high) 
The SAR/LSR HI EXTENDED lights are LO (low) 
also used. EQ (equal) 
2. LSRHI/LSR LO—Contents of LSR selected 7. CS ASNMT—Cycle steal assignment is dis- 


played as it is presented to the 1/O devices 
on the I/O interface. 

PMR—The PMR displayed is the active PMR 
unless the alter/display PMR function is 
being used. In this case, the addressed PMR 
will be displayed. 


by the LSR display selector. The SAR/LSR 
Hl! EXTENDED lights are also used. 


3: OP REG—Contents of the op register. 
Q REG—Contents of the Q register. 


4. B REG—Contents of the B register. 
ALU CTL—The state of the following ALU 
controls are displayed as follows: 


8. PROC CHK-—The processor checks are dis- 
played as follows: 

DIG CAR (digital carry) 1/O LSR indicates selection of an LSR by an 

DEC (decimal instruction) 

RE COMP (recomplement) 

ADD (addition) 

SUB (subtraction) 


LSR indicates parity is incorrect on the out- 
put of the LSR (see CE LSR Display 


TEMP CAR (temporary carry) Selector). 

AND 

OR SAR/ATT indicates parity is incorrect in the 
storage address register or in the ATT 
register. 
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\/O device was not performed correctly. 


MSAR indicates parity ts incorrect at the 
memory end of the storage address 
register output lines. 


INV ADDR indicates that the SAR contains 
an invalid address (storage address ex- 
ceeds the system storage size). 


STOR PROT indicates an attempt was made 
to read from or write into a protected 
address in main storage. 


SDB} indicates parity is incorrect at the in- 
put to main storage. 


SDBO indicates an uncorrectable main stor- 
age data error occurred. 


CAR indicates the carry out of the ALU is 
incorrect. 


DBI indicates parity is incorrect on the CPU 
end of the data bus in coming from 
the 1/O devices. 


/B indicates parity is incorrect in the A 
register or B register. 


ALU indicates parity is incorrect at the out- 
put of the ALU. 


CPU DBO indicates parity is incorrect on 
the CPU end of the data bus out to 
the I/O devices. 


OP/Q indicates parity is incorrect in the op 
register or OQ register. 


PRIV OP indicates an attempt was made to 
execute a privileged instruction when 
the system was not in privileged mode. 


INV OP indicates an invalid op code in the 
Op register. 


CHAN DBO indicates parity is incorrect on 
the 1/O device end of the data bus out 
from the CPU. 


INV Q indicates an invalid O byte is present 
in an 1/O instruction. 
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BSCA OPERATOR’S PANEL 
BSCA Attention Light 


The following table shows the conditions indicated 
by this light: 
Instruction Condition Indicated 
Any receive or transmit 
and receive or (on non- 

switched and multipoint 


networks only) receive 
initial. 


Data set is not ready. 


Auto call or receive initial, Auto call unit power is off 


on switched network. or data line is being used. 


Any SIO except control | Either (1) the BSCA is dis- 
SIO. abled, or (2) the external 


test switch is on and BSCA 


is not in test mode. 


Data set is not ready. 


Unit Check Light 


This light turns on when any bit in status byte 2 is 
on. Also, when an SNS transition or SNS stop 
register instruction is executed, it is possible for 
an LSR, S register, or DBI register parity check to 
occur, resulting in a unit check condition with the 
unit check light on. Under such a condition, the 
status byte 2 bits may all be zero. 


The unit check indicator signifies that the BSCA 
program should enter an error recovery procedure. 


Data Terminal Ready Light 


This light indicates that the BSCA is enabled and 
that the data terminal is ready for use. 


Data Set Ready Light 


The DT SET READY light indicates that the data 
set ready line from the data set is on and that the 
data set is ready for use. 





tT 


a BSA 


asca-1 


BSCA-2 TEST 
ATTN MODE 


DT TERM 
ATTN READY 


DT SET 
READY 


EXT 
TEST SW 


TSM CLEAR TSM 


MODE TO SEND 


RECEIVE CHAR 
MODE PHASE 


RECEIVE BUSY 


INITIAL 


TRIGGER 


RECEIVE 
TRIGGER 


UNIT 
CHECK 


CONTROL DATA DIGIT 


MODE MODE 


ACU PWR CALL 


PRESENT 


DT LINE 


OFF REQUEST IN USE 


Mita * ——__—_______ 


MLTA MLTA MLTA 
ATTN BUSY CHECK 


BSCA-1* 


1200 BPS BSCA-1 


BSCA-2* 


y 1200 BPS 


@ ©® 


600 BPS BSCA-2 


600 BPS 


RATE DISPLAY RATE 


SELECT 


SELECT 





SELECT 


Rate select switch is for machines used outside the United 


States. If the rate selection feature is specified on either of 
the BSCAs, it will be made available to both. 

i MLTA is available by RPQ only. 

+ This reads LCA on machines equipped with the local 
communications adapter (LCA) feature. 

tt This reads LCA/BSCA on machines equipped with the 


LCA feature, 


Clear To Send Light 


This light indicates that the clear to send line from 
the data set is on and that the adapter may now 
transmit. 


Receive Trigger Light 


This light indicates the status of the receive trigger. 


The light is on when the trigger is at a binary O 
state. 


Transmit Trigger Light 

The TSM TRIGGER light indicates the status of 
the transmit trigger. The light is on when the 
trigger is at a binary O state. 


Receive Mode Light 


This light indicates that the adapter has been 
instructed to perform a receive operation. 


Transmit Mode Light 


The TSM MODE light indicates that the adapter 


has been instructed to perform a transmit operation. 


Receive Initial Light 


This tight is turned on by an SIO receive initial 
instruction. It is turned off at the end of the 
receive initial operation. 


Busy Light 


This light indicates that the communication 
adapter is executing a receive initial, transmit 
and receive, auto call, receive or loop test 
instruction. 


Character Phase Light 


The CHAR PHASE light indicates that the adapter 
has established character synchronism with the 
transmitting station. This light is turned on at the 
end of receive operations and whenever character 
synchronism is lost. 


Data Mode Light 


This light is turned on by the decoding of an SOH 
or STX during a transmit or a receive operation. 

It is turned off at the end of the transmit or receive 
operation. 


Control Mode Light 


This indicator is used only on systems that have 
the station select feature installed. The light is 
turned on by an EOT sequence during a transmit, 
receive, or receive initial monitor operation, when 
the station select feature is installed. It is turned 
off by the decoding of an SOH or STX. 


Digit Present Light 


This light indicates that a digit has been obtained 
from storage for the auto call unit when the auto 
call feature has been installed. 
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Auto Call Unit Power Off Light 


The ACU PWR OFF light indicates that the auto 
call unit (special feature) power is off. 


Call Request Light 


On systems with the auto call feature installed, 

this light indicates that the communication adapter 
has received an SIO auto call instruction and is 
performing an auto call operation. 


Data Line in Use Light 


On systems with the auto call unit installed, 
the DT LINE IN USE light indicates that the data 
line occupied line from the auto call unit is on. 


Test Mode Light 


This light indicates that the program has placed 
the adapter in a test mode of operation. 


External Test Switch Light 


The EXT TEST SW light indicates that the switch 
at the data set end of the medium speed data set 
cable is in the test position. For high speed data 
sets, this light is on when the local test switch on 
the CE panel is in the on position. 


Rate Select Switch 


This switch, which is present only on systems 
installed outside the U.S.A. that have the rate 
selection feature as well, controls the rate of 
transmission and reception of data. 


CE CONTROLS 


CE control switches should be changed only when 
the CPU is stopped. 


ADDRESS/DATA Switches (Below Console 
Display) (ALD PA111) 


These four switches set up addresses or data. An 
address (16 bits) is loaded into the instruction 
address register (LAR). Data can be entered into 
main storage — 8 bits when operating in test mode 
or 16 bits via a program. 


DISPLAY 
CHK BITS TEST 


EXTENDED SAR ADDRESS BITS OVERLAP DISPLAY 


| CYCLE 


STOP STEP ON 


PARITY | STORAGE 
CHECK TEST 


ADDR 
INCREM 


SYSTEM 
RESET 


SYSTEM RESET Key (ALD PC101) 


When SYSTEM RESET is pressed, the system enters 
an immediate idle state. CPU registers, controls, 
and status indicators are reset and the processor 
clock is allowed to ‘idle’. 


The program instruction address register (P-IAR) 
and program status register (P-PSR) are both reset 
to zero by a system reset. The active PMR is set 
to ATT off, SP off, MI off, 1/0 17th and 18th 
bits off, and privileged mode on. 


The system must be in the PROCESS mode of 
operation for the pushbutton to be operative. 
After power on, the system reset key should be 
pressed prior to any CE operation. Refer to page 
6-2 for system reset cycle description. 


BSCA/LCA 
ON 


ADDRESS 
COMPARE CHECK 


OFF OFF 


LE 


(CE use meter) 


LOCAL 


E CYCLE 


TEST 


CE Key Switch (ALD PC111) 


This switch, when turned to the CE position, pre- 


vents the customer use meter from running. 
Note: A processor check may occur if the switch 
position is changed while the clock is running. 
CHECK RESET Key (ALD PC101) 


This key is pressed to cause a reset of the Proces- 
sor and/or Input/Output check conditions. 


Accheck reset removes the current error condi- 
tions, thus allowing the processor to resume its 
operation after the Start key is pressed. 


1/ 
e (CE key) 


© oO @® 


STEP 
PROCESS 


DISPLAY 


RUN RUN 
NORMAL 


ADDRESS 
COMPARE 


ALTER 
ATT/PMR 


LSR DISPLAY 
SELECTOR 


ALTER 
STOR 


ALTER 


——— INSTR 


MACHINE 
CYCLE 


CLOCK 


DISPLAY 


ATT/PMR 





CE MODE 
SELECTOR 


BSCA STEP Key (ALD HE160) 


This key, which is effective only when the BSCA 
is in step mode, causes the BSCA to advance one 
bit time each time the key is pressed. 


ADDRESS COMPARE Light (ALD PB121) 


This light is on whenever the register display is 
positioned to SAR and the ADDRESS/DATA 
switches match the SAR/MSAR (depends on 

setting of the SAR display switch). The system 

will not stop unless one of the ADDRESS COMPARE 
switches is set to stop (stop on | cycle or stop on E 
cycle). 


1/0 CHECK Light (ALD PB121) 


This light is turned on when certain I/O errors 

(read check, punch check, etc) are detected by an 
addressed 1/O device. It is turned off when a system 
reset occurs, CHECK RESET is pressed, or at the 
next SIO. 


LSR DISPLAY SELECTOR (ALD PC111) 


This rotary switch selects the local storage register 
(LSR) to be displayed in position 2 of the roller 
display. 


The LSRs that can be displayed with this switch 
are: I|AR, ARR, XR 1, and XR 2. The selected 
LSR is displayed whenever the CPU is in a wait 

state. 


When the switch is set to NORMAL, the LSR dis- 
played is the one being used by the program. Keep 
the selector switch set at NORMAL while running. 
The LSR parity check display is for the selected 
LSR. If the switch is not set to NORMAL, parity 
checks may not be displayed or the LSR display 
may show wrong information. 


System Console 


5415 TMD 


7-7 


CE MODE SELECTOR (ALD PA101) 


This rotary switch selects one of three processor 
operating modes: (1) TEST; (2) PROCESS; 

(3) STEP. PROCESS is the mode for normal 
system operation. 


Notes: 


1 


. To prevent a processor check, the CPU should 


be in a halt state before changing the position 
of the CE MODE SELECTOR switch. 


. After power on, the CE MODE SELECTOR 


switch should be placed in the PROCESS mode 
position and the SYSTEM RESET key pressed. 
This restores main storage to correct parity. 


test Ey 


The switch settings under test mode permit the 
following: 


e DISPLAY STOR (display storage). The con- 


tents of the storage location specified by SAR 
are transferred into the B register when START 
is pressed, and into the Q register when the key 
is released. 


The ATT is not active and the address used is 
the 16 bits from the IAR plus the >64K, 128K 
and >256K bit values (set with the >64K, 
>128K and >256K PH CE). If the value in the 
IAR is not the desired address, it can be changed 
using an alter SAR operation. 


ALTER STOR (alter storage). Pressing START 
allows transfer of the data set up in the right- 
most two address/data switches, into the A 
register. Releasing START causes this data to 
be placed in storage and the QO register. The 
storage address is specified by the [AR and the 
>64K, >128K, and >256K PHs. Refer to 
Alter Storage Cycle description. 


ALTER SAR. The address set up in the address/ 
data switches and the EXTENDED SAR 
ADDRESS BITS switch is transferred into the 
|AR and the >64K, >128K and >256K PHs. 


When alter SAR is used to enter an address in 
preparation for an alter/display storage opera- 


tion the address entered must be the real address. 


The ATT is disabled in test mode. When 

alter SAR is used to enter an address for man- 
ual branching to a routine, the address entered 
must be a logical address. The EXTENDED 
SAR ADDRESS BITS switch is ignored when 
the mode selector is switched to PROCESS or 
STEP. 


Refer to page 6-14 for Alter SAR cycle descrip- 
tion. 


Alter ATT/PMR. Pressing START transfers data 
from the two right-most console data switches 
into the A register. Releasing START transfers 
this same data into the ATT register or PMR 
specified by the two left-most switches.” 


Note: I\nvalid addresses are not detected in test 
mode. 


DISPLAY ATT/PMR. If an ATT register address 
is set into the two left-most address switches, * 
pressing START transfers the address to the 
ATT where one of the 32 registers is selected 

for display. The content of the selected register 
is displayed in roller position 6. 


If the two left-most address switches select a 
PMR register,” pressing START transfers the 
address into the Q register. This, in turn, selects 
the PMR and displays the contents of that regis- 
ter in roller position 7. 


Refer to page 2-54 for a complete description 
of the ATT registers. Refer to page 2-28 for a 
complete description of the PMR. 
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PROCESS 
DISPLAY 
Snae INSTR 
STOP STEP ON RUN RUN oannae ALTER __ MACHINE 
STOR CYCLE 
PARITY | STORAGE ADDR ADDRESS IAR XR 1 ee 
CHECK TEST iINCREM COMPARE ARR XR 2 ae CLOCK 
OFF OFF 
LSR DISPLAY fe eae 
ATT/PMR 
SYSTEM CHECK BSCA SELECTOR 
RESET RESET STEP DISPLAY 
ATT/PMR CE MODE 
SELECTOR 
CE Panel 
process [EJ @ MACHINE CYCLE. Each time START is 


The CE mode selector switch is set to this position 
for normal system operation. 


STEP 


In the step mode, the rotary switch setting con- 
trols the manner in which the processor performs 
the stored program. 


e INSTR (instruction). Each time START is 
pressed and released, one complete instruction 
is performed. The ! phase is performed while 


pressed and released, the instruction is advanced 
through one machine cycle. Pressing START 
causes data in storage to be accessed and modi- 
fied as required, and causes the result to be 
displayed in the arithmetic and logical unit (ALU) 
indicators of the roller display. Release of 
START, depending upon the operation being 
performed, writes either the old data or the new 
result back into storage. 


e CLOCK. Each time START is pressed, the 
clock advances through an odd-numbered clock; 
each time START is released, the clock advances 
through an even-numbered clock. The integrity 


*Hex 00 through 1F are used to address the 32 
ATT registers. Hex 20 and 28 through 2F (30 
and 38 through 3F for the [/O > 256K PMR 
bit) are used to address the nine program mode 
registers (PMR). (Hex 20 = program level PMR, 
28 = interrupt 0 PMR, 29 = interrupt 1 PMR.) 


the key is pressed, and the E phase, if any, when 
it is released. 


Note: Any SIO instruction that causes the clock 
to run, as described under CLOCK in the follow- 
ing paragraph, also causes the next sequential 
instruction to be executed without pressing 
START. 


of 1/O data transfers is preserved by allowing 
the clock to run from | phase end of every exe- 
cutable start !/O instruction to the time the 
device is finished transferring data. START is 
not functional while this I/O transfer is taking 
place. 


Note: The halt identifier lights do not turn on in 
any step mode switch setting. 


CE Switches 
EXTENDED SAR ADDRESS BITS Switch 


This switch is used to enter SAR bits E13, E14, or 
E15 for an alter/display storage or an address 
compare operation above 256K, 128K, or 64K of 
storage respectively. 


The switch bit is set in a PH; then, on an alter/ 
display storage or address compare stop, the bit 


is gated into SAR E13, E14, or E15. 


The switch is inactive in process mode (except for 
address compare stop). 


>64K ADDR BIT Switch (ALD PA101) 


This switch is used to enter SAR bit E15 for an 
alter/display storage or an address compare op- 


eration when storage above 64K must be addressed. 


The switch bit is set into a PH, then, on an alter/ 
display storage or address compare stop, is gated 
into SAR E15. 


The switch is inactive in process mode (except for 
address compare stop). 


SAR/MSAR Display Switch (ALD ‘sel MSAR sw’ 
PA101) 


This switch controls the display in roller position 
one. 


If the switch is in the SAR position, the untrans- 
lated or logical address is displayed. 


If the switch is in the MSAR position, the actual 
address sent to main storage is displayed. If trans- 
lation is active, the ATT contents and SAR posi- 
tions 5-15 are displayed. If translation is inactive 
all SAR positions including E13, E14, and E15 
are displayed. 


SAR E13, E14, and E15 may be set by an 1/O 
LSR or the > 256K, > 128K, and > 64K PHs. 


1/0 OVERLAP Switch (ALD PC121) 


This switch controls the system so that 1/O oper- 
ations may be executed in either an overlap or a 
nonoverlap mode. With the switch in the normal 


ON position, 1/O operations are executed in an over- 


lap mode. When the switch is in the off position, 
1/O operation is completed prior to execution of 
the next sequential instruction (nonoverlap). To 
avoid processor checks, be sure the CPU is stopped 
before changing this switch. 


DISPLAY CHK (Check) BITS Switch (ALD PC121) 


This switch is used only in display storage mode; 
when set ON, it displays the six main storage 
check bits for the current half-word. These check 
bits are displayed in positions 0-5 of the Q 
register display lights. OQ register bit positions 

6 and 7 are always on. 


These lights are accurate only when SAR is odd. 


BSCA/LCA LOCAL TEST (ALD HE160) 


This switch sets the high speed data set into local 
test mode and causes data to be wrapped around 
through the data set with a SIO loop test instruc- 
tion. 


1/0 CHECK Switch (ALD PA101) 


This switch forces the processor to come to an 
immediate stop on an !/O error. The switch is 
normally set to RUN. With the switch set to 
STOP, the processor stops on an 1/O error and 
the console display indicates the processor status 
at the time the error stop occurred. 


A check reset followed by pressing START allows 
the program to continue. 


PARITY CHECK Switch (ALD PA101) 


This switch allows processor parity errors to be 
ignored. 


The switch is normally set to STOP. This causes 
the processor to come to an immediate stop when- 
ever a parity error is detected. Pressing CHECK 
RESET followed by START allows the program 
to continue. With the PARITY CHECK switch 
set to RUN, parity errors are detected and dis- 
played, but the processor is nto stopped. 


STORAGE TEST Switch (ALD PA101) 


This switch enables the altering or displaying of 
storage as follows: 


1. When the switch is set to STEP, a storage 
location is accessed each time START is 
pressed. 


2. When the switch is set to RUN, pressing 
START causes storage to loop on either 
the same location repetitively or all 
addresses sequentially within one BSM. 
(See Addr Increm [Address Increment] 
Switch.) 


Note 7: SAR bits E13, E14, and E15 are not 
changed during console operations. Looping 
occurs only in the BSM addressed at the begin- 
ning of the operation. 


Note 2: The STORAGE TEST switch must be in 
the STEP position to avoid a processor check while 
switching the CE mode selector between ALTER 
STOR and DISPLAY STOR. 


ADDR INCREM (Address Increment) Switch 
(ALD PA101) 


This switch enables address incrementing in CE 
test mode switch settings of alter storage or 
display storage. With the switch set ON, the 
contents of SAR are incremented by 1 after each 
storage access. When the switch is set OFF, SAR is 
not incremented. 


Note: SAR bits E13, E14, and E15 are not 
changed during console operations. Looping 
occurs only in the BSM addressed at the beginning 
of the operation. 
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ADDRESS COMPARE Switches (ALD PA101) 


The two ADDRESS COMPARE switches [EW are 
used with SAR DISPLAY to stop on | cycles, and/ 
or stop on E cycles, and/or 1/O cycles of either a 
real or logical address. 


When the SAR DISPLAY switch is set to SAR, the 
logical address is compared to the address set in 
the four console address switches. The >64K, 
>128K, and >256K PHs are ignored. 


When the SAR DISPLAY switch is set to MSAR, 
the real address is compared to the address set in 
the four console address switches plus the 
EXTENDED SAR ADDRESS BITS switch. 


When both compare switches are set to RUN, no 
processor stop will occur. When the ADDRESS 
COMPARE switch is set to | CYCLE, an address 
compare stop will occur in | cycles. 


When the ADDRESS COMPARE switch is set to 
E CYCLE, an address compare stop will occur on 
E cycles and !/O cycles. 


If both switches are set to stop, an address com- 
pare stop will occur whenever a compare is de- 
tected. 


Note: When an address compare occurs, proces- 
sing stops and all cycle lights are off. Since the 
translate function is gated with either ADDRESS 
COMPARE switch being set to RUN, the SAR 
display will not necessarily match the switches. 


EXTENDED SAR ADDRESS BITS OVERLAP DISPLAY 


If either switch is set to stop and a match occurs, 
the processor will stop at the completion of this 
cycle. The clock continues to run. If an 1/O oper- 
ation is not complete, that operation continues 
until completed. Therefore, after stopping the 
processor with an address match, the I/O device 
may change SAR to some address different from 
the one set into the address switches. PARITY 


CHECK 


STOP 


The processor is restarted by pressing START. 


Address compare circuits are shown on page 2-5. SYSTEM 


RESET 
Note: To prevent stopping on an address match 


(used as a sync point), tie up 01A-B3R2M02 to 
01A-B3U5B02. Sync point is O01A-B3R2U12 CE Panel 
(ALD KA222). 
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System Console 5415 TMD 8-1 


POWER SUPPLY 
INTRODUCTION 

AC/DC Voltage 

AC POWER 


LQ the 5415 CPU supplies primary ac input power 
to the following devices: 


1442 Card Read/Punch 

2501 Card Reader 

2560 MFCM (50 Hz — 220 Vac and above) 
3277 Display 

3284 Printer 

5415 Power Supplies 

5424 MFCU 


Ed the 5421 supplies primary ac power to the 
1403. It also supplies primary ac power for the 
2560 when the input power is 60 hertz or 200 
Vac 50 hertz. 


DC POWER 


LY tre following dc voltages are used by the 5415 
CPU: 


e@ Voltages (dc) developed within the CPU: 


-4 Vdc (A gate basic) 

-4 Vdc (B gate basic) 

-4 Vdc (B gate feature) 

+6 Vdc (basic) 

+8.5 Vdc and +3.4 Vdc (FET storage) 
+24 Vdc (EPO and sequencing) 

+24 Vdc (3340 without 5424) 

-12 Vdc (BSCA or BSCC feature) 
+12 Vdc (MLTA and BSCA features) 
+3 Vdc (1442, 2501, 2560 features) 
+5 Vde (3277 Attachment) 

+5 Vdc (BSCC feature) 

-5 Vdc (BSCC feature with DDSA or 38LS 
option) 


@ Voltages (dc) supplied by |/O devices for use 
by the CPU: 


Note: See manual of individual !/O device for 
dc voltage requirements. 











1255 
Models 1, 2 
MC Reader 






3 Phase 1270 


Optical Reader 
Models 1, 2, 3, 4 


1442 
Models 6, 7 3881 
Optical Reader 


Model 1 





2501 Models 
Al, A2 












5421 
Printer 

Control 
Unit 






3 Phase 






3284 Printer 
Model 1 


1403 
Printer 


Model 2, 
5, or N1 
3340 

Disk Drive 
Model A2 


3340/3344 3741 
Disk are 3340/3344 Data 
Disk Drive 


3340 
Disk Drive 





3 Phase 
















Station 


Model B2 Models 1, 2, 3,4 


1 Phase 











2560 
MFCM 
Models 
Al, A2 


3411 Tape 
Drive 
Models 1, 
2,3 


3410 Tape 
Drive 
Models 1, 
2,0r3 


3410 Tape 
Drive 
Models 1, 
2,or3 


3410 Tape 
Drive 
Models 1, 
2,0r3 
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INTRODUCTION 


Basic Unit 


The primary power input (ac) is distributed to bulk 
supplies located in the CPU. The bulk supplies sup- 


ply unregulated filtered dc to the regulator assem- 
blies. The regulators provide the voltage regula- 


tion required to operate the system logic. The regu- 
lated dc output is distributed to gates A and B and 


to the appropriate |/O devices. 


input Power Requirements 


The input power requirements for System/3 are 
three-phase power at 30A. Domestic and World 
Trade input voltage requirements are: 


e 60 Hertz: 200 Vac, 208 Vac, and 230 Vac 
(410%) 


e 50 Hertz: 200 Vac, 220 Vac, 235 Vac, 380 
Vac, and 408 Vac (+10%) 


Parts Replacement 


The power system is designed for replacement of 
power supply subassemblies rather than discrete 
components. The exceptions include fuses, volt- 


age regulator cards, and relays. However, in large 
assemblies like the primary control! box or bulk 


supply No. 1, it will be necessary to replace com- 
ponents (filter capacitors, etc.). 


Checks and Adjustments 


DANGER: After the emergency power switch 
is opened, power is available at K1, 
K3, and K9B input terminals and 
at transformer (T1) terminals. 


All voitage measurements should be made in a nor- 
mal environment (temperature between 68 degrees 
and 86 degrees F) with a recently calibrated Weston” 


901 meter or its equivalent. 


*Trademark of Weston, Inc. 


+24 Vdc 
supply located 
in CPU 
YA103A 






AC 
Distribution 









3340 
without 
5424 


No 


+24 Vdc supply 
located in 5424 
YB115 


5421 
Printer 
Control 
Unit 











Sequence 
Control 


YA102 
YA102A 


A Gate DC 
Voltages 


YA103 
YA103A 
YA106 








B Gate and 
Feature DC 
Supplies 


YA140 
YA103A 
YA108 

















Voltage 
Sensing 
YA102A 


1/O Devices 










Fault 
Detection 
YA102B 













Power Supply 


Gate 


Gate 


DC to 1/0 


5415 TMD 8-3 


~\ 


POWER SUPPLIES AND COOLING 


Expansion Main Storage Power Supply Control Assembly 


No. 3 Bulk Power Supply (Feature) 


No. 2 Bulk Power Supply 












4V Undervoltage (UV) Detection 


ara Exhaust Fan 


Expansion Main Storage Power Supply 
Board Assembly 


Preload Resistor Assembly 
(6V Exp Feature) 


-4V 50A Regulator 
+6V Expansion Bulk (Feature) 
—4V 70A Regulator 
2560 Power Supply (Feature) 


Brass Plates Pri Control Box 
2501 or 1442 Regulator (Feature) i a 


BSCA or MLTA Regulator (Feature) 








Main Storage Power Supply 
+24 Vdc Power Supply (without 5424) 








oo 
N 

































Power Supply Blower . 
Autotransformer (200 Vac £3 
or 235/220 Vac) 
| | | | 
5421 Printer +5 Vdc BSCC Power Supply (Feature) ! / | ' 
Control Unit Pr ‘ - L 
BER Primary Control Box (4, ole J . 
EQ «so es BEF 
ZY 24 Vdc Control Voltage —— > Ue : i 
EX} Koa His ry / ISH AAO 
pasa ee { ves 
Ell Line Filters Lot DN (O\-+ ae 
Ea cei—— | 





+24 Vdc Supply (with 5424) 


No. 1 Bulk Supply 
Fan Assembly 
3277/3284 ac Outlet 


Resistor Box (-4V current bypass, 
+5V and -30V divider network) 


+6V 25A or 40A Regulator 


POWER SUPPLIES AND COOLING 


Notes: 


1. 


If the primary power input is 235 Vac or 408 
Vac, an autotransformer is required to sup- 
ply power to the 2560 or 2501 (if these 
features are installed). 


Primary power for the 2560 is supplied by 
the 5421 on all 60 Hz and 200 Vac 50 Hz 
systems. 


Resistor assembly is used to load the No. 1 
bulk supply when the 6 Vdc expansion fea- 
ture is installed. Power to the 6V regulator 
is supplied by the 6 Vdc expansion supply. 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 


3-Phase 
30 Amp Service 


ae 
32 


Circuit 
Breaker 












tS Primary Control Box 
cA a fe a ee es ee 


former 





K1 Ry 





Fl 


KOB yy 


24 Vde 
Contro! Voitage 


x 





115 Vac to Convenience 
Outlet and 1/O Devices 


4 [4 —__ 
; Outlet for 3277/3284 KE 


K9A 


30 


7.25 Vac to Indicator Lamps 





41 Vac to Use Meter 


EPO Switch 
O O 


+6 Vdc Sense +8.5 Vdc Sense 


System 
Pwr On Sw 


Primary Vac to 
2501 and 2560 
(Note 1) 


Primary Vac to 1442, 
2501, and 2560 (Note 2) 


To +24 Vdc Supply 
(Located in 5424 Base or CPU) 


= 
120 | 
To CPU Blowers [RT 












Main Storage fe ‘oO NEE 
Supply +3.4 Vde 
Main Storage 
Supply Cooling | 21 | 
Blower 

Expansion = +8.5 Vde 

Main Stor- 

Eri 134 | +3.4 Vde 


age Supply 


3-Phase 
30 Amp Service 


Circuit 
Breaker 


Sense Phase and 
Rotation PSR-1 


Primary Vac to 2560 





Fault 
Relays 


(Note 2) 

Feature 
+ “ 
Pee el) le Me EY eaeisiel 
2560 Supply used Tor the an 










or 1442. If the 2560 
is installed, the +3 Vdc 


Feature : 
supply is used for the 

















+3 Vde 2560, 1442, and 2501. 
+6 Vdc Regulator 
Expansion Card Assembly 


2501 and/or 
1442 


Supply 


Regulator 


¥ ~4 Vde 50A a 
5 


+5 Vdc Bi 
O 


O 
7 








(Note 3) 
35 






ypass Resistor | 






@ 













#1 Bulk 
Supply 






+5 Vdc to 3277/3284 Attachment 
Era Resistor | 
Box | 


~30 Vdc (not used on 5415s 





with 3340s) 
| ace -5 Vde (for BSCC 
with 38LS or DDSA 
Feature 35 option) 
MLTA Regulator -¥2 Vde 









-4 Vdc Regulator 


v 
#2 Bulk Suppl 
Pe ulk Supply | (394 or 20A) 


-4 Vde Regulator “ 


(32A or 70A) 
Exhaust Fan ary 


OQ 
B 
Gate 
O 5421 


#3 Bulk Supply 
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IC Bulk Supplies 


Each bulk power supply contains a ferro-resonant 
transformer with multiple secondary windings. 
The transformer outputs are rectified, filtered, and 
made available to dc regulators for additional regu- 
lation. The No. 1 bulk supply is shown in the 
example. The No. 2 and No. 3 bulk supplies are 
similar but contain dc bulk and bias voltages for 
the 4V regulators only. 


Note: All outputs (dc bulk and bias voltages) are 
floating. The outputs are referenced to ground 
via external wiring. 


Primary 
Ac Input 


208 Vac 












oa 4 3 Fuse Bracket ee Heat Sink 
7 a 
man 
12.4 Vde 
, R3 15 Amp 
A A | TB3-3 \ 
19 | : = 
| 
| 
C13 C12 { 
B B 20 °| 3 
_ 46 Vde 
\ 5 Amp 
TBI-7 \4 FS CRS 
13 | | / : 
+ 
20 V 
| R? ci | : 0 Vdc 
TB2-5 {8 | \ fen 
14 \ | 
| | 
TB1-8 c . F6 CR4 
* 
15 | ‘ | / 
| R6 c10 | ‘ 20 Vde 
TB26 jo ' ( 1 Amp 
16 \ | 
TB19 je F7 CRS5 
7 | | 
20 Vdc 
{ R5 ce | 
TB2-7 \ F 


18 be A3 | 


10.2 Vac 
140 Amp 


Bulk dc to 
4V Regulator 





Bulk dc to 
6V Regulator 


Bulk dc to Resistor 
Box (30V) 


Bias Voltage 
(not used on 5415) 


Bias Voltage for 
6V Regulator 


Bias Voltage for 
4V Regulator 








. 1 Bulk Supply 








No. 2 and 3 Bulk Supplies 


8-6 


Fuses 1-4 


Fuses 5-7 





RRR 





3 





Sensing Relays 
(K16 and K17) 








Fuse 1 
Fuse 2 


POWER SUPPLY REGULATORS 


The -4V and +6V regulators have identical ter- 
minals (E1 - E14) ZY that perform identical 
functions, 


The individual regulators [J receive the unregu- 
lated, filtered dc voltage from the bulk power 
supplies [ej and provide the voltage regulation 
required to operate the system logic. 


The dc regulators function as a variable resistance 
in series with the load. 


The control circuit regulator card [3 continually 
monitors the voltage across the load and adjusts 

the current flow through the series transistors in 

the regulator to maintain a constant voltage out- 
put. 


3 








\ 
\ 
\ k= 


_ MSULTISTN 


/ 
\ 





San 


















Heat Sink and Series 
Transistors 






al)" 


i E5 E1 : DC Bulk Supply Input 
fj ec a, 
i E7 G4 Output 
E3 
(Error Signal) i E8 = Regulator Card 
(+Bias) i EQ Lo) | 
(-Bias) fi E10 
i E11 
(Start) i E12 
(-Sense) i E13 |} 
(+Sense) E E14 






Output 


2 


E4 





Load 
(gate logic) 


Bulk DC Supply 


Simplified Diagram 
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POWER SUPPLY REGULATORS 


Start-Up Control 


A regulator requires three inputs to enable a regu- 
lated output voltage: 


1. Bulk supply voltage PV ie and E2) pro- 
vides the desired regulator input voltage. 
This voltage is reduced to the desired level 
by the series transistors in the regulator. 


2. _ Bias voltage Fico and E10) provides oper- 
ating and reference voltages for the regulator. 


3. Start signal (E12) enables the regulator 
to turn on. This input is connected through 
relay sense logic By to the most positive 
output of the supply. 


~4V #1 SNS RY 


The plus 6 volt regulator is 
-4V #2 SNS RY started once the minus 4 
volt supplies are up. 


-4V #3 SNS RY 





Simplified Diagram (+6V regulator is shown) 


Voltage Regulation 


Regulator output terminals E3 and E4 are connected 
to terminals E13 and E14 (sense - and +) of the regu- 
lator card. A differential amplifier on the regulator 
card compares the output voltage at terminal E13 
with an internal reference voltage. The-output of 
the differential amplifier is applied to the base of 
transistors Q1 and Q13 from terminal D11. 


If an increase in output voltage is sensed, a negative 
voltage is applied to the base of transistors Q1 and 
Q13 causing the current to decrease through these 
transistors. A decrease in current results in a de- 
crease in current through transistors Q2 through 
Q12, thereby causing a decrease in output voltage. 
For a decrease in output voltage, the current 
through transistors Q1 and Q13 increases causing 
an increase in current through transistors Q2 
through Q12. Therefore, output voltage increases 
to the normal level. 


1. Q3-Q11 (Note 1) 


2. R6, R8,...and R22 
3. R7,R9,...and R23 


E10 


-Bias “6 


+Bias a 


D11 


Start (Note 3) 


O E120 E8 O Error Output (point to ground) 
















Regulator Card 


O 

a 

DO8 
Ps E13. -Sense 
pan TN 


D12 B12 Gog 


Notes: 


1. To increase current output, add additional 
transistors in parallel. 


2. Connected externally to provide feedback 
reference to regulator card. 


S: To start +6 Vdc regulator, pick K5-2, 
K17-1, and K19-1. To start -4 Vdc regu- 
Jators (number 1 through number 3) E12 
must be at ground. 


R24 E4 


+Qut 


(Note 2) 


--~7----*% 


E14] +Sense 
) 


}e— (Note 2) 
) 


-Out 



















POWER SUPPLY REGULATORS DC Regulator Assembly 


Overvoltage Protection 
1. Q3-Q11 (note 1) 
2. R6, R8,...and R22 


An overvoltage protection circuit in the voltage 3. R7,_R9,...and R23 


regulator card monitors terminal E13 and E14. 

If the output voltage rises beyond the maximum 
normal limits, the regulator card turns off Q1 and 
Q13. Transistors Q1 and Q13 then turn off 
transistors Q2 through Q12 reducing the output 
voltage to zero. This action protects the logic cir- 
cuits from an overvoltage condition. If an over- 
voltage condition exists, the overvoltage circuit 
grounds terminal E8 (point to ground) via ter- i 
minal DQ2 to indicate a fault condition. Ground- 

ing terminal E8 causes the OV/OC relay to ener- Oust ~4V #3 
gize. Energizing the OV/OC relay de-energizes TP-11 -av #2 SuiGe 
contactor K3 which removes power from the (0) Fault 
primary of the bulk supply. Oust -4V #1 


+6V SNS 


Primary K3 Bulk 
AC Input Supply 


YA102 -4V #1 SNS 


(note 2) 


-4V #2 SNS 





D11 Jog 


-4V #3 SNS 


Relays 





The fault that caused the power down is determined (o* 3 8 YA1026 

by probing the test points on the power control box * Ax Drive 

(see page 8-28). Fault relays are reset by pressing ~ (on the 

CHECK RESET if the power switch is off. ‘. t6V reg) 
+24V002~C 


Regulator Card 





E13. -Sense 








Start (note 3) 
Overcurrent Protection 





E1290 


The overcurrent protection circuit protects the 
regulator if load current exceeds the limits of the 
regulator. An overcurrent condition is sensed at 
terminal JO2 of the regulator card. 









The voltage drop across R4 through R24 (even- 
numbered resistors) is proportional to the load 
current. R5 through R25 (odd-numbered resistors) 
average these individual voltages. The average volt- 
age feeds a differential amplifier in the regulator 


-4V #1 OV/OC Notes: 


1. To increase regulator current output, add 
additional transistors in parallel. 


card via terminal JO2. if the predetermined cur- +6V OV/OC 
rent limit for the average voltage is exceeded, a : 
fault indication energizes the OV/OC relay by provide feedback reference to regulator 
grounding terminal E8. If the OV/OC relays K13, oe 
K14, K 16, or K18 are energized contactor K3 -4V #2 OV/OC 3. To start +6 Vde regulator, pick K5-2, 
is de-energized which removes power from the K17-1, and K19-1. To start -4 Vde 
i regulators (number 1 through number 
Primary of the bulk supply. 3), E12 must be at ground. 
The fault that caused the power down is determined -4V #3 0V/OC 


| 2. Jumper is connected externally to 


by probing the test points on the power control box 
(see page 8-28). Fault relays are reset by pressing 
CHECK RESET if the power switch is off. 


+24V 


Power Supply 5415 TMD 8-9 


POWER SUPPLY REGULATORS 


Undervoltage Protection 


An undervoltage protection circuit for the ~4V 
supply and the +6V supply is necessary because 
damage to the print magnets can occur if +6V is 
applied to the 5424 MFCU or the 1403 printer 
when the -4V regulator output is low or decreases 
to 0. In order to protect the 5424 MFCU and the 
1403 printer, a silicon-controlled rectifier (SCR) 
is wired across the output of the +6V regulator. 
The SCR starts to conduct if: 


1k The +6V regulator senses an overvoltage or 
an overcurrent condition. 


2. The -4V undervoltage control assembly 
senses an undervoltage condition. 


When the SCR conducts, the +6V output is effec- 
tively shorted. This results in an overcurrent con- 
dition which, in turn, causes an immediate system 
power down. 


-4 Volt Undervoltage Circuit (Reg No. 1) 


The -4V undervoltage control assembly (Ax Drive) 


monitors the -4V brass plate. If the -4V output 
decreases to -3.2 to -3.8 volts an error signal is 


generated. The error signal fires an SCR in the +6V 
regulator effectively shorting its output. This shorts 
out the +6V regulator output causing an overcurrent 
condition. The +6V regulator senses this simulated 


overcurrent condition and, as a result, picks K14. 
This, in turn, de-energizes K3, causing an immedi- 
ate system power off. The action of shorting 


(axing) the +6V regulator when a -4V No. 1 under- 


voltage condition is sensed protects the 5424 and 
the logic circuits. 


+6 Volt Undervoltage Circuit 


The +6V undervoltage circuit monitors the +6V 
regulator E4 (+ out). If a +6 Vdc undervoltage is 
sensed, K6A is picked, which picks K15 through 
the K6A-1 point. This causes the system to power 
down by dropping relay K9 (ac to 1/0). 


Notes: 


1. The -4 Vde undervoltage control assembly 
shorts the output of the +6V regulator with 
an SCR when a -4V undervoltage (-3.2V to 
-3.8V) condition is detected. 


2. Relay K3 (ac to bulk PS) is dropped when 
the K14-2 n/c points open. 


3 Relay K6A is picked if the +6V regulator out- 


put drops to +5.7 Vdc or less. 



















Fault Relay 
+6V OV/OC 


6V Regulator 





Ax Drive 









4V Regulator #1 -4Vdc 
Undervoltage 
Control 


Assembly 














Grd Ax Drive 
+24V 
YA102B 


Fault Relay 
+6V UV 






6V 














6V Regulator Undervoltage 
Printed 
E4 Circuit 

Board (PCB) 


YA102B 
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+24V 


BASIC -4 Vde NO. 1 LOGIC SUPPLY 
(Includes Add-On and Bypass Resistor) 


Basic -4 Vdc No. 1 Supply 


The -4 Vdc No. 1 supply provides regulated -4 
Vdc for the system logic (A gate, etc.). The -4 
Vdc assembly also provides start control, regula- 
tion, and ov/oc detection (see page 8-8 for 
description). 


The -4 Vdc add-on and resistor box assembly ex- 
pand the capacity of the -4 Vdc No. 1 supply. 


Add-On Regulator [EJ 


The add-on regulator contains series transistors 
wired in parallel with the basic -4 Vdc No. 1 regu- 
lator. These transistors are controlled by the 
regulator card in the -4V 70 amp regulator for 
the No. 1 power supply. 


Bypass Resistors 


The resistor box assembly contains two 0.32 ohm 
resistors in parallel that shunt current around the 
-4V No. 1 and add-on regulators. The maximum cur- 
rent through these resistors is less than minimum 
required by the CPU, thereby maintaining voltage 
regulation. 


Bypass Resistor Box 











AC No. 1 Bulk 


+Bulk 





+Bias 


—_—_ = 


@ w— 
aw +DC Out (gnd) 


-4 Vde Add-On 





2 (Regulator starts when bulk dc is available.) 
OV/OC Reg 





OV/OC (Point to grd) 
+24V 


Brass 


Plate 
aes 5424 


4V SNS Reg 


-DC 
en ete cae a |} —~—| A Gate 
Jumper -4V 
©) 


Add-On Regulator 
BRPL 1 (Grd) 

BRPL 2 (-4V) 

-4 Vdc No. 1 Regulator 


Resistor Box 





@/ 


@oS9, 
wr 
_ 


ae 
‘ oT 
———> 
MULIS LTO \BDT 


== 
fy L- 








\ 
\ 





Voltage Adjustment 


1. Connect the meter between brass plate #2 (-4V) 
and brass plate #1 (ground) behind the CPU 
console. 


2. Set the voltage for -4.20V. 


Voltage Pot (To increase output voltage, 
fo clockwise) 
@ a. Overvoltage: Replace regulator card 
if voltage between -4.37 to -5 Vdc fails 
to trip regulator. 


b. Undervoltage: A +6 Vdc failure indi- 
cation (TP13 = +24 Vdc) should occur 
when voltage drops between -3.8 Vdc 
to 3.2 Vdc. 


OC Pot (sealed) 


End View of -4V Regulator Card 


3. Connect the meter across A-A1C2B06 (-4V) and 
A-A1C2D08 (ground). This voltage should 
measure between -3.85V and -4.2V. 


4. if the voltage measured in step 3 is out of 
tolerance, readjust the -4V supply or check 
distribution cables for high resistance con- 
nections. 
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B GATE -4V LOGIC SUPPLY NO. 2 
(Upper Boards) and B GATE -4V FEA- 
TURE LOGIC SUPPLY NO. 3 (Lower 
Boards) 


The -4V logic supply No. 2 BM provides -4 volts 
for the B gate. As features are installed on the B 
gate, the -4V feature logic supply No. 3 Ei is 
added to meet the increased power requirements 
(lower B gate boards). 


Each logic supply (No. 2 and No. 3) has its own 
bulk transformer, regulator, and cooling system. 








EF -4 Vdc 50A El 
Regulator 


: -4 Vdc 70A : 






Pre-load 
Resistor 
#1 Bulk 


Ge 


Resistor | 






Feature 


BSCA, MLTA, or 
BSCC Regulator 








-4 Vdc Regulator 


#3 Bulk Supply | 


(32A or 70A) 











es - 
P| vee snow | YA Renn 5 
Gate 
5421 


43 Vde 
2560 Supply 


The +3V Regulator is 
used for the 2501 and/ 
or 1442. If the 2560 


Regulator 


Card Assembly 
2501 and/or 


ae + 
+6 Vde is installed, the £3 Vdc 
R | supply is used for the 
- Secon =] +3 Vde 2560, 1442, and 2501. 





1442 
| 
O O 
: 
Gate 
© O 
© 


4 +5 Vdc to 3277/3284 Attachment 


~30 Vdc (not used on 5415s 
with 3340s) 


+12 Vde 


-12 Vdc 
+5 Vde 





Exhaust Fan 


Voltage Adjustment 


Me Connect the meter across the -4V load be- 
tween position 6 and ground (position 7) 
on B gate upper laminar bus if adjusting -4V 
supply No. 2 or B gate; lower laminar bus if 
adjusting -4V supply No. 3. 


Position 10 if upper 
Laminar bus 


° 
Position 1 if lower 2 
Laminar bus 2 

o 

° 

° 

o 

° 

° 
2. Set the voltage adjustment potentiometer to 

-4.05 Vdc. 


Voltage Pot (To increase output voltage, 
turn clockwise.) 


a. Overvoltage: Replace regulator card if 
voltage between -4.37 Vdc to -5 Vdc fails 
to trip regulator. 


b. Undervoltage: A +6 Vdc failure indica- 
tion (TB13 = +24 Vdc) should occur 
when voltage drops between -3.8 Vdc 
to -3.2 Vdc. 


@. OC Pot (sealed) 


End View of -4V Regulator Card 


3. Connect the meter across PEBTB 2-7 (ground) 


and PEBTB 2-8 (-4V) on the printer electron- 
ics gate. This voltage should measure be- 
tween -4.20V and -3.85V. 


5421 PRINTER 
CONTROL UNIT 






Front View 
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~4V No. 3 Bulk Supply 


-4V No. 3 Regulator Card 
-4V No. 2 Regulator Card 
-4V No. 2 Bulk Supply 
lf voltage measured in step 3 is out of toler- 
ance readjust the -4V No. 2 supply or check 


distribution cables for high resistance con- 
nections. 


+6 VOLT LOGIC SUPPLY 


+6 Vdc Regulator 


The +6 Vdc regulator provides a regulated 6 Vdc 


output to operate the system logic (A and B gates). 


A regulator card in the regulator assembly provides 
the regulated output and circuit protection. 


The 6V output is also used by the resistor box to 
supply (via voltage divider network) +5 Vdc to 
the 3277/3284 attachment. 


+6V Expansion Bulk Supply (Feature) [J 


The +6V expansion bulk supply is required when 
the feature configuration requires more current 
at +6 Vdc than the No. 1 bulk is capable of sup- 


plying. 


The installation of the +6V expansion bulk is ac- 
complished by removing the present 6V regulator 
from the No. 1 bulk output, adding a resistor load 
(preload) in its place, and installing the 6V expan- 
sion bulk (see diagram). 
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Voltage Adjustment 


1. Connect meter between brass plate #3 (+6 
Vdc terminal) and brass plate #1 (ground 
terminal) behind the CPU console. 


2. Set voltage adjustment potentiometer for 
+6 Vdc. 








\. 


Voltage Pot (To increase voltage, turn 


PO clock wise) 


a. Overvoltage: Replace regulator card 
if overvoltage condition (greater than 
6.85 Vdc) fails to trip regulator. 

b. Undervoltage: 5.28 Vdc or less causes 
+6 Vdc failure indication (TP13 = 
+24 Vdc). 


| @ O/C Pot (sealed) * 
| 


O/V Pot (sealed) * 


End View of +6V Regulator Card 


*These potentiometers may or may not be on 
the card. 
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MAIN STORAGE POWER SUPPLY Voltage Adjustments 


ee E4 (+8.5 Vdc) E7 (Common) +3.4.Vde 
The main storage power supply receives primary 

ac input power via relay K3 and generates two 
bulk de voltages. The bulk voltages are regulated 
within the supply to +3.4 Vdc and +8.5 Vdc. The 
+3.4 Vdc and +8.5 Vdc supply provides power 
for CPU main storage and to B gate for the BSCC 
control store (FET) cards and 3340/3344 attach- 
ment (FET) B4 card. 















E9 (+3.4Vdc) 1. Connect meter across E7 (common) and E9 


(+3.4 Vdc). 
Al 


Sequence 2. Set voltage for 3.45 Vdc. 


3. Connect meter between A gate lower laminar 
bus position 8 (+3.4 Vdc) and position 7 
(grd). This voltage should measure +3.4 Vdc. 
If not, readjust the +3.4 Vdc supply. 


+8.5 Vde 
As Connect meter across E7 (common) and 
E4 (+8.5 Vdc). 





2. Set voltage for +8.55 Vdc. 


3. Connect meter between A gate lower laminar 
bus position 10 (+8.5 Vdc) and position 7 
(grd). This voltage should measure +8.5 
Vdc. If not, readjust +8.5 Vdc supply. 
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A Gate 


MAIN STORAGE POWER SUPPLY (Part 2 of 2) The following inputs are required to sequence up 


Sequencing 


Expansion 
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age Power 
Supply 
(feature) 
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24V Control 
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Sect A © | 


the main storage power supply: 
1. AC Power — AC to bulks via K3. 


2. +24V Control Voltage (E2) — Powers the 
sequence card. 


Main Storage Power Supply Assembly 





+24V Start/Stop (E3) — 
card to begin monitoring the -4V sense line. 


Signals the sequence 


-4V Sense (E1) — The supply is turned on 


when this line reaches approximately -3 Vdc 


(monitored at the brass plate). The No. 2 
-4 Vdc power supply, the No. 3 -4 Vdc 





power supply (if channel bank No. 3 FET 
protect is installed), and expansion main 
storage power supply (if expansion main 
storage is installed) are all powered up. 


3.4 Vde 
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3.4 Vde and 8.5 Vde Regulator Card 
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8.5 Vd eeeeee 








Board 
Assembly 














Overvoltage (OV)/Undervoltage (UV) 
Protection 


Sequence Card (A1) 


The sequence card provides sequence control for 
the +3.4 Vdc and +8.5 Vdc regulators. The +3.4 
Vdc supply is sequenced up first on power-up and 
down last on power-down. 


Regulator Card (A2) 


The regulator card provides voltage regulation for 
the two series regulators of which the outputs are 
+3.4 Vdc and +8.5 Vdc. The regulator card 
contains two potentiometers, one for aqjusting the 
+3.4 Vdc level and one for adjusting the +8.5 

Vdc level. 


+3.4 Vde 


A +3.4 Vde OV (+4.2 Vdc) or UV (+2.5 Vdc) is 
sensed by the sequence card, which provides gate 
signals to bias on both Q1 and Q2 (SCRs). The 
SCRs cause short circuits across the +3.4 Vdc and 
8.5 Vdc supplies, tripping CB1 and CB2. At the 
same time, the sequence card turns off both'regu- 
lators. 


Note: CB1 and CB2 may or may not trip depend- 
ing on the cause of the overvoltage, but both regu- 
lators stay off until system power is recycled on. 


+8.5 Vdc 


A +8.5 Vdc OV (+9.5 Vdc) or UV (+2.5 Vdc) is 
sensed by the sequence card, which provides a 
gate signal to bias on Q1 (SCR). Q1 causes a short 
circuit across the +8.5 Vdc. This trips CB1 which 
disconnects the bulk voltage to the +8.5 Vdc regu- 
lator. 


Sense Relay 


The sense relay (K8) is energized when all the 
+3.4 Vdc and +8.5 Vdc supplies, fed by the main 
storage Dower supply, are up. 
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EXPANSION MAIN STORAGE POWER 
SUPPLY (Part 1 of 2) 


The expansion main storage power supply is 
electrically identical to the main storage power 
supply but is physically different due to pack- 
aging. It is installed when greater than 256K 
memory is being installed. When installed, this 
power supply supplies the +8.5 Vdc and the 
+3.4 Vdc power to the 01A-A4 board position 
for expansion main storage. 














A Gate 








The expansion main storage power supply receives 
primary ac input power via relay K3 and generates 


two bulk de voltages. The bulk voltages are 


regulated within the supply to +3.4 Vdc and +8.5 


Vdc. 
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Voltage Adjustments 


+3.4 Vdc 
1. Connect meter across E7 (common) and E9 
(+3.4 Vdc). 


Set voltage for 3.45 Vdc. 


3. Connect meter between A gate lower laminar 
bus position 1 (+3.4 Vdc) and position 7 
(grd). This voltage should measure +3.4 
Vdc. If not, readjust the +3.4 Vdc supply. 

+8.5 Vde 

1. Connect meter across E7 (common) and 
E4 (+8.5 Vdc). 

2. Set voltage for +8.55 Vdc. 


3: Connect meter between 01A-A4L2D07 (+8.5 
Vdc) and position 7 (grd). 


EXPANSION MAIN STORAGE POWER The following inputs are required to sequence up 3. 
SUPPLY (Part 2 of 2) the main storage power supply: 


Sequencing 1. AC Power — AC to bulks via K3. 4, 


2.  +24V Control Voltage (E2) — Powers the 
sequence card. 


Expansion Main Storage Power Supply Assembly 


Main Stor- 
age Power 


Supply 
(basic) 


+24V Start/Stop (E3) — Signals the sequence 
card to begin monitoring the -4V sense line. 


-4V Sense (E1) — The supply is turned on 
when this line reaches approximately -3 Vdc 
(monitored at the 02 brass plate). 
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Overvoltage (OV)/Undervoltage (UV) 
Protection 


Sequence Card (A1) 


The sequence card provides sequence control for 
the +3.4 Vdc and +8.5 Vdc regulators. The +3.4 
Vdc supply is sequenced up first on power-up and 
down last on power-down. 


Regulator Card (A2) 


The regulator card provides voltage regulation for 
the two series regulators of which the outputs are 
+3.4 Vdc and +8.5 Vdc. The regulator card 
contains two potentiometers, one for adjusting the 
+3.4 Vdc level and one for adjusting the +8.5 

Vdc level. 


+3.4 Vde 


A +3.4 Vde OV (+4.2 Vdc) or UV (+2.5 Vdc) is 
sensed by the sequence card, which provides gate 
signals to bias on both Q1 and Q2 (SCRs). The 
SCRs cause short circuits across the +3.4 Vdc and 
8.5 Vdc supplies, tripping CB1 and CB2. At the 
same time, the sequence card turns off both+regu- 
lators. 


Note: CB1 and CB2 may or may not trip depend- 
ing on the cause of the overvoltage, but both regu- 
lators stay off until system power is recycled on. 


+8.5 Vdc 


A +8.5 Vde OV (+9.5 Vde) or UV (+2.5 Vdc) is 
sensed by the sequence card, which provides a 
gate signal to bias on Q1 (SCR). Q1 causes a short 
circuit across the +8.5 Vdc. This trips CB1 which 
disconnects the bulk voltage to the +8.5 Vdc regu- 
lator. 


Sense Relay 
The sequence relay (K24) is energized when both 
the +3.4 Vdc and +8.5 Vdc portions of the expan- 


sion main storage power supply are up. 


Note: K24 points are shown on the main storage 
power supply page. 
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+3 VOLT LOGIC SUPPLIES (Part 1 of 2) +3 Volt Power Supply 
The system uses two different +3 Vdc supplies de- 
pending on the card reader attached. If the 1442 
and/or 2501 are attached, a +3 Vdc regulator card 
EQ supplies the required voitage. If the system 
uses a.2560 MFCM, a +3 Vdc power supply [EJ is 
installed. This power supply provides sufficient 
power for the 1442 and/or 2501 (if installed). 


The +3V power supply receives primary ac power 
through relay K3 and provides a regulated +3 Vdc 
output at 6.5 amps. An SMS card provides the 
regulating circuits. 


SMS Regulator Card 


+3 Volt Regulator Card 





The output of this regulator is +3 Vdc and -3 Vdc. 
The inputs are -4 Vdc (from the -4V No. 1 supply) 
for the -3V circuit and +6V (regulated output of 
the +6 Vdc regulator) for the +3V circuit. 
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If an OC condition occurs in either the +3 Vdc or 
-3 Vdc circuits, the OC condition is sensed by the #1 Bulk 


regulator that supplies input to the SMS circuit in ile A Supply 
error. For example, the -4V No. 1 regulator senses 
an OC in the -3V SMS circuit and TP12 identifies 
the failure. Likewise, if an OC condition occurs 

in the +3V SMS circuit, the +6V regulator senses 
the OC and TP13 identifies the error. 


Card Assembly (power sequence complete) picks, fault relay K15 





amis is energized through the K14-4 points (see diagram). 
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+3 VOLT LOGIC SUPPLIES (Part 2 of 2) 

Voltage Adjustments 

+3 Vde Regulator Card 

The +3 Vdc regulator card output is adjusted while 

monitoring the voltage at the attached device. If 

both the 1442 and 2501 are installed the +3V and 

-3V levels are checked at both devices and the aver- 

age taken. 

+3 Vdc Level Adjustment 

1. Connect meter between either the 1442 
TB8-5 (+3 Vdc) and TB8-8 (grd) or 2501 
GTB1-5 (+3 Vdc) and GTB1-8 (grd). 


2. Set voltage adjustment potentiometer for 
+3 Vdc. 


+3V adjustment potentiometer 







-3V adjustment potentiometer 


+3 Vdc Regulator Card (Top View) 


2501 Card Reader 





If both the 1442 and 2501 are installed, con- 
nect the meter between the TB points (1442/ 
2501) not used in step 1. Record the voltage 
level. 


If the voltage level recorded differs from that 
set in step 2, readjust the +3 Vdc potentio- 
meter to the mean. 


For example, if the voltage recorded in step 
3 is 3.04 Vdc, readjust the +3 Vdc potentio- 
meter until the voltage level at the device 
used in step 3 is 3.02 Vdc. 


Note: The voltage at either device is not to 
be less than +2.88 Vdc following the mean 
adjustment. 





-3 Vdc Level Adjustment 


5. Connect meter between either the 1442 
TB8-11 (-3Vdc) and TB8-8 (grd) or 2501 
GTB1-11 (-3Vdc) and GTB1-8 (grd). 


6. Set voltage adjustment potentiometer for 
-3 Vdc. 


7. If both the 1442 and 2501 are installed con- 
nect the meter between the TB points (1442/ 
2501) not used in step 5. Record the voltage 
level. 


8. Adjust the -3 Vdc potentiometer to voltage 
mean if necessary. 


Note: \f only the 1442 or 2501 is installed, 
adjust voltage at that device to the appro- 
priate +3V and -3V levels (use only those 
steps required). 


1442 
TB8 


1442 Card Reader 


+3 Vdc Power Supply 


The +3 Vdc power supply is adjusted while moni- 
toring the output voltage at the 2560. 


2560 
GTB1 











—n 
SS Lee 


2560 Card Reader 


-3 Vdc Level Adjustment 


1. Connect meter between 2560 GTB1-10 
(-3 Vdc) and GTB1-9 (grd). 





2. Set voltage adjustment potentiometer for S — 
-3 Vdc. 
+3 Vdc Level Adjustment 


3. Connect meter between 2560 GTB1-4 (+3 
Vdc) and GTB1-9 (grd). 





4. Set voltage adjustment potentiometer for 
+3 Vdc. 


Note: \f the 1442 and/or 2501 are also in- 
stalled, adjusting the +3 Vdc power supply 


; be SMS Regulator Card 
at the 2560 only is sufficient. 
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+5 VOLT FEATURE POWER SUPPLY 
+5 Vdc Feature Regulator (BSCC) 


The +5 Vdc power supply is required when BSCC 
is installed. The +5 Vdc is regulated to +10% and 
to -9.5% and is derived from the +6 Vdc supply 
at the brass plate. It uses the +6 Vdc regulator 
for overcurrent and overvoltage protection. 


The -5 Vdc power supply is required when BSCC 
and either the Data-Phone Digital Service Adapter 
(DDSA) or the 38LS modem is installed. The 

-5 Vdc is regulated to +10% and -9.5%, and is 
derived from the No. 1 bulk power supply trans- 
former (ac) at the 12 Vac bulk level (6 Vdc 
regulated bulk). The 12 Vac is rectified and 
regulated with an ICVR and a pass transistor. 

The regulator is current protected by a feedback 
circuit within itself. The 12 Vac input is fused 
ahead of the rectifier and regulator. The -5 Vdc 
power supply is power sequenced up with the No. 
2 bulk power supply. If -5 Vdc is not present, 
relay K17 cannot pick, the system will not 

power up, and the power check indicator will 
turn on. 


+5 Vdc 





-5 Vde 
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+12/-12 VOLT FEATURE POWER 
SUPPLIES 


+12 Vdc Feature Regulator (MLTA and 
BSCA) 


The +12 Vdc supply is required when the MLTA 
feature is installed. This supply is also required 
with BSCA and not MLTA if the BSCA feature 
contains the 1200 bps integrated modem. The +12 
Vdc supply is not required if BSCA without 1200 
bps integrated modem is installed (BSCA without 
this modem uses -12 Vdc only). 


A secondary winding of the bulk supply (also 

used by +6V basic regulator) is used to supply 
unregulated ac voltage to the +12V supply where a 
full-wave rectifier provides +12 Vdc to the MLTA 
feature. Both inputs to the +12V supply are fused. 


Expansion 





aah 


-4 Vdc aah 
Regulator 


[P ayenecce 

















a 


Pre-load 
Resistor 
#1 Bulk 


Tf reese 1 geen 





-4 Vdc Regulator 


#3 Bulk Supply | 394 or 70A) 











| Feature | 


[Feature is installed, the +3 Vdc 
| Feature | 


mae 
2560 usec for the and/ 
supely or 1442, If the 2560 


supply is used for the 
8B Vde 2560, 1442, and 2501. 
Regulator 


Card Assembly 
2501 and/or 
1442 
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+5 Vde to 3277/3284 Attachment ~ 


-30 Vdc (not used on 5415s 
with 3340s) 


Exhaust Fan 


ie 
oe 


The unregulated +5 Vdc is required by the 3277/ 
3284 attachment. This voltage is supplied by the 


+6 Vdc supply through a voltage divider network. 


-12 Vdc Feature Supply (BSCA or BSCC, 
Without 1200 bps Modem and not MLTA)EY 


The -12 Vdc feature power supply is required only 
when the BSCA or BSCC features without 1200 
bps integrated modem is installed. The descrip- 
tion given for +12 Vdc regulator is valid for this 
supply except for the fact that +12 Vdc is not 
provided. 


Relay K30 


Test point 9 monitors the +12 Vdc (MLTA) or 
-12 Vdc (BSCA or BSCC) supplies. If the supplies 
fail to sequence up, test point 9 indicates the error. 
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Up 


To Power 
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Complete 
Circuit 


Note: Relay K2 (+12 Vdc supply) picks when 
both +12 Vdc levels are present. Relay K30 (-12 
Vdc supply) picks when -12 Vdc is present. 
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This page intenticnaily left blank. 


+24 VOLT LOGIC SUPPLY 


The +24 Vdc (25 amp) power supply is normally 
contained in the 5424. Those system configura- 

tions without a 5424 installed have a +24 Vdc 

5 amp supply mounted in the 5415D. This supply 
is shown in the diagram. 


The +24 Vdc power supply receives primary ac 
power via relay K9 and provides an unregulated 
+24 Vdc output at 4.5 amps. The +24 Vdc out- 
put is used by the 5421 and 2560. 











Test point 7 monitors the +24 Vdc supply. If 
the supply fails to sequence up, test point 7 
indicates the error. 


+24 Vdc 


SNS 
Relay 
Points 







+24 Vdc Supply 


K10-2 (+24V Sense) 
a 









Relay K10 picks when the 
+24 Vdc power supply and 

all 5421 power supplies (+60 
MFCU, +60V PS1, +6V, and 
-12V) are up. 


To Power 
Sequence 
Complete 
Circuits 
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POWER SEQUENCE (Part 1 of 3) 


These pages describe the sequential action of the 
system power supplies and their functional units. 
The purpose of the relays and coils is described 
on page 8-28. Reference logic pages YA102 
through YA103A. 


Power Up Sequence 


Normal conditions with system POWER switch 
set OFF, main CB on, line source on, and no 
power faults: 


K13 and K14 are not energized (EPO 
must not be pulled and no point to ground 
fault). 


a. K13-1 is not picked (allows +24V to 
be passed to K14-2). 


b. K14-2 is not picked (allows +24V to 
be passed through power switch sec- 
tion A in the off position to the ther- 
mal switches to energize K2). 


+24 Vdc control voltage is available (TP2 
= 24 Vdc). 


K1 is energized (convenience outlet on). 
K2 is energized if: 
a. No thermal switch is open. 


b. +24 Vdc control is available (main CB 
on). 


Note: Abnormal power down conditions 
are described on page 8-27. 


Lamp test switch is active (only TH CHK 
and PWR CHK lights will light with lamp 
test). 





Move the system POWER switch to ON. 


Sections A, B, and C of the power switch transfer. 


t., 


Section C turns on PWR CHK light (turns 
off when K12-2 picks). Section C is also 
used to inhibit a point-to-ground fault 

reset while the POWER switch is set ON. 


Section B provides +24V control to the 
3340/3344, +24V control to the main 
storage supply, and +24V to the n/o K6-2 
contacts. 


Section A energizes K3 coil through K2-4 
n/o points. (The thermal relay [K2] is 
now held through K2-3 n/o points.) 


K3 relay picks: 


1. 


2. 


Power (ac) is applied to all fans. 


Power (ac) is applied to No. 1, 2, and 3 bulk 
Power supplies, to the +6V expansion power 


supply, and to the -5V power supply (when 
installed). 


Power (ac) is applied to the main storage 
supply basic and expansion main storage 
power supply. 


Power (ac) is applied to +3V supply for 2560 
(when installed). 


Bulk logic supply voltage energizes regulators: 


1. 


Bias voltage (20 Vdc + 10%) is applied 
to -4V (No. 1, 2, and 3) and +6V regu- 
lators (terminals E9 and E10 of each). 


Bulk voltages are applied to each regula- 
tor (terminals E1 and E2 of each). 


a. 9.37V to 11.3 Vdc to -4V regulator 


b. 10.77V to 13.5 Vdc to +6 Vdc regula- 


tor 


46 Vdc (+10%) is applied to the resistor 
box assembly (30V section). 


Approximately 25 Vac is applied to the 
12V supply (BSCA/MLTA feature). 


K30 is energized (senses BSCA -12V sup- 
ply) or K2 is energized (senses +12V sup- 


ply). 
K30-1 or K2-1 picks (TP9 = O Vdc). 
Note: The +12V power supply relay K2 


should not be confused with K2 in the 
system (mounted on relay panel). 


(To next page) 
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POWER SEQUENCE (Part 2 of 3) 


-4V regulators power up: 


1. 


Expansion memory power supply powers 
up (when -4V No. 1 output reaches -3V). 


K5 is energized (-4V No. 1 regulator out- 
put sense). 


K17 is energized (-4V No. 2 regulator 
output sense). 


K19 is energized (-4V No. 3 feature regu- 
lator output sense). 


K5-1 picks (TP2 = 0 Vdc). 
K17-2 picks (TP3 = 0 Vdc). 


K19-2 picks (TP4 = 0 Vdc) — -4V No. 3 
feature must be installed. 


K5-2, K17-1, and K19-1 pick (all three 
picked apply the start-up voltage to ter- 
minal E12 of the +6V regulator). 


K20, K21 (feature), and K24 (feature) 
pick (passes -4V to the E1 terminal of the 
main storage power supply). 


Main storage power supply (basic) powers up when 
K20 K21, and K24 have picked: 


1, 


Zz 


K8 is energized (+8.5V sense). 

K8-1 picks plus K6-2 picked (energizes 
K9, K9A, and K9B; and passes +24V to 
the 5421). 


K8-2 picks (TP6 = O Vdc). 


+6V regulator and +5V supply (if installed) powers 


up: 


4. 





K6 is energized (+6V regulator output 
sense). 


K6-2 picks (along with K8-1 picked, ener- 


gizes K9, K9A, and K9B and also passes 
+24V to the 5421). 


K6-3 picks (activates -4V UV detection 
circuit). 


K6-4 picks (TP5 = 0 Vdc). 


K9, K9A, and KQB relays pick: 


K9B-1 picks (passes 7.25 Vac to lamp dis- 
tribution TB). Clock 9 is forced on. 


K9B-2 picks (passes 41 Vac to usage 
meter control card). 


K9A-1 and 3 pick (passes ac voltage to 
3277 and 3284). 


K9-1, 2 and 3 pick (passes ac voltage to 


the +24 Vdc power supply and I/O devices). 


+24V supply in 5415/5424 and +60V P/S in 5421 
power up: 


1. 


K10 and K11 are energized (+24V and 
+60V sense). 


Note: For K10 to be picked, all 5421 
voltages must be up and sensed and K7 
in the 5421 must be picked. This allows 
the +24V in the 5415/5424 to be passed 


through the n/o points of K7 to pick K10. 


K10-2 picks (TP7 = 0 Vdc). 


K11-2 picks (TP8 = 0 Vdc). 
K12 is energized. 


K12-1 picks (passes power sequence com- 


plete signal to the 5421 and passes +24V 
to 2560 feature). 


K12-2 picks (PWR CHK light goes off). 
K12-3 picks (inhibits K15 from being 
energized during a normal power on and 


off sequence). 


K12-4 picks (‘power on reset’ is deacti- 
vated and clock 9 goes off). 


System is ready for processing. 


Power On Sequence 


OF ST vhs 


mT 


ca 


10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 


Main CB On (power switch OFF) 

+24 Vdc control voltage 

K1 (convenience outlets) 

K2 (TH CHK light turns off) 

Turn Power switch ON 

K3 (ac voltage to logic supplies and fans) 
and -5 Vdc power on (BSCC only) 

K5 (-4V power on) 

K24 Expansion main storage power supply 
K5-2, K17-1 (+6V power on) 

and +5 Vdc power on (BSCC only) 

K6 (6V sensed) 

(+3.4V power on) 

(8.5V power on) 

K8 (8.5V sensed) 

K9-B (lamp and meter voltage) 

K9-A (ac voltage to 3277 and 3284) 

K9 (ac voltage to |/O devices) 

(+24V power on in 5415/5424) 

K1 in 5421 (5421 start up) 

K7 in 5421 (+6V, -12V, +60V in 5421) 
K10 (+24V sensed) 

K11 (+60V sensed) 

K12 (remove POR) 
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POWER SEQUENCE (Part 3 of 3) 

Normal Power Down Sequence 

Move the POWER switch to OFF. 

Sections A, B, and C of the power switch transfer. 


1. Section C deactivates the -4V UV detec- 
tion circuit. (Applies ‘Ax inhibit’ to 
-4V UV detection circuit.) 


2. Section A opens. K10-1 and K11-1 hold 
K3 energized until both the +24V supply 
and +60V supply are powered down on 
a normal power off sequence. 


3. Section B de-energizes: 
K9, K9A, and K9B (I/O supplies). 
+3.4/8.5V main storage supply. 


Main storage supply and the expansion main stor- 
age power supply (feature) powers down. 


eb 
. 


K8 is de-energized. 

2. K8-1 drops (used in power on sequence). 
3: K8-2 drops (TP6 = 24 Vdc) 

4. K12 is de-energized. 


5. K12-2 drops (PWR CHK light comes on). 


6. K12-3 drops (inhibits K15 from being ener- 


gized). 


7. K12-4 drops (activates ‘power on reset’ 
to the CPU). 


+60V and +24V supplies power down. (I/O sup- 
plies de-energize more slowly than the main 
storage supply.) 

1. K10 and K11 are de-energized. 


2. K10-2 and K11-2 drop (TPs). 


3. K10-1 and K11-1 (de-energize K3). 


K3 drops (removes bulk and bias voltages to -4V, 
+6V regulators and voltage divider). 


1. -4V regulators (1, 2, and 3) and +6V regu- 


lators power down. 
2. K5 is de-energized. 
3. K5-1, K17-2, and K19-2 drop (TPs). 


4. K5-1 drops (TP2 = 24 Vdc and PWR CHK 
light goes off). 


5.  K5-2, K17-1, and K19-1 drop (used in 
power on sequence). 


6. K6 is de-energized. 


7, K6-4 drops (TP5). 


System is in normal power off state. 


Power Off Sequence 


OO Non fo NS 


ik 


Main CB 

+24 Vdc control voltage 

K1 (convenience outlet) 

K2 (thermal interlock) 

Turn POWER switch OFF 

K9 (ac voltage to I/O devices) 

K9A (ac voltage to 3277 and 3284) 
K9B (lamp and meter voltage) 

K1 in 5421 (+60, +6, and -12 Vdc) 
K11 (+60 Vdc sensed) 

K10 (+24 Vdc sensed) 

K12 (turn on POR) 

K7 in 5421 

K8 and K24 (+8.5 Vdc) 

(+3.4 Vdc) 

K3 (ac voltage to logic supplies and fans) 
K6 (+6 Vdc sensed) 

K5 (-4 Vdc sensed) 
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THERMAL AND POWER CHECKS 


Abnormal Power Indications 


An abnormal power down can be caused by a 
power check or a thermal check. 


A PWR CHK light indicates that one of the fol- 


lowing has occurred: 


An abnormal power down sequence Ey 
An abnormal power up sequence Ej 


An overvoltage, overcurrent, or an undervolt- 
age power failure 


A thermal condition exists (TH CHK light will 


be on also) |D| 


A thermal check indicates that one of the follow- 
ing areas has overheated: 


A or B gate logic 

Bulk supply 

Regulator stack 

Main storage supply 

Expansion main storage supply (feature) 
5421 and 2560 supplies 


5421 logic gate 


An abnormal power down sequence occurs 


only when the POWER switch is moved to OFF 
(the operator intends to power down the system). 
If all system power supplies power down as ex- 
pected, no power check occurs. If they do not, 
the PWR CHK light stays on (comes on during nor- 
mal power down sequence) and +24 Vdc may or 
may not be available on one of the test points. 


Any one of the following faults could cause an ab- 
normal power down sequence. 


Section A, B, or C of the power switch failed 
to open. 


K3 relay did not drop. 


K9 relay did not drop. 


AFP A oD A ce 


ee 










One failure is examined to show how the power 
supply elements react: With the POWER switch 
OFF, and if relay K3 fails to drop ac power con- 
tinues to be supplied to the -4V and +6V regula- 
tors. Since K5, K17, and K6 are never de-energized, 
K5-1, K17-2, and K6-4 never drop. +24 Vdc is 
measured on TP6. The PWR CHK light is on be- 
cause +24V is available through K5-1, CR13 and 
K12-2. 


An abnormal power down sequence should not be 
confused with an overvoltage (OV) or overcurrent 
(OC) fault occurring during a power down. If an 
OV or OC occurs during a power down sequence, 
the system powers down as expected and the PWR 
CHK light does not stay on but goes off as soon as 
all supplies are down. However, a fault relay (K13, 
K14, K16, or K18) latches so when the POWER 
switch is moved to ON, an immediate power check 
occurs with no power supply sequencing. (Nor- 
mally an OV/OC causes the system to immediately 
power down at some point in the sequence up 
state or after all supplies are up.) 


|B | An abnormal power up sequence can occur 
after the POWER switch is moved to ON. This 
power failure can occur if any one of the system 
power supplies fail to power up or if any one of 
the sense relays fail to sense an associated power 
supply output. The system does not abruptly 
power down with this fault but inhibits power 
complete or stops sequencing up at the point of 
failure for some supplies. +24 Vdc is measured 
on the TP of the supply that failed to power up. 
For Example: If either the main storage power 
supply or the expansion main storage power 
supply (feature) has an internal failure and its 
output never reaches +8.5V, K8 is not energized 
and relays K8-1 and K8-2 are not transferred. 
With K8-1 not picked, K9, K9A, and K9B are not 
energized (I/O supplies). With K8-2 not picked, 
+24 Vdc appears at TP6. K12 is not energized 
and the PWR CHK light stavs on. 


A -4V or +6V overvoltage, overcurrent, ora 
-4V undervoltage power failure can be detected 
during normal power on. With this type of failure, 
the system powers down abruptly as soon as the 
fault is detected. +24V is measured on the TP of 
the supply that detected an OV, OC, or UV power 
failure. The respective regulators sense voltage and 
current load drain and if preset limits are exceeded, 
a point-to-ground signal is presented on pin E8 of 
the respective regulator. This point-to-ground sig- 
nal (ground potential) is used to energize the ap- 
propriate OV/OC sense relay which, in turn, im- 
mediately drops all system power. Undervoltage 
power failures also cause abrupt system power 
down. Two special UV detection circuits are used 
to sense the output of the -4V and +6V regulators. 
If either regulator’s output drops below criteria, 
K6/K15 (+6V UV) or K14 (-4V UV) is energized 
and powers down the system. However, a +6V 

UV does not power down the system abruptly but 
causes a power check with all CPU logic supplies 
up. 


Overcurrent (OC) power failure example: system 
is in anormal power up state. 


1. A -4V short-to-ground fault occurs (can be 
anywhere on the system where -4V from 
the No. 1 bulk is used). 


2. The fault causes excessive current drain on 
the -4V regulator. 


3: A -4V OC fault is sensed by the -4V regu- 
lator card. 


4. A point-to-ground signal is presented to 
K13. (The ground side of K13 is normally 
open to ground.) 

5. K13 is energized. 

6. K13-2 picks (latches K13 on). 

7. K13-1 picks (TP12 = +24 Vdc). When this 
relay transfers, +24 Vdc control voltage is 
removed from all relay coils (K2, K3, and 
K9 in particular). 


8. System powers down abruptly. 


9. PWR CHK comes on as soon as K12 drops and 
the POWER switch stays ON. 


if the POWER switch is moved to OFF, the PWR 
CHK light goes off, but comes on again each time 
the switch is moved to on. The system stays 
latched in the fault state until the fault relay is 
reset and the point-to-ground fault is removed. 


The fault relay can be reset by setting the POWER 
switch to OFF and pressing CHECK RESET. 

With the POWER switch set OFF, +24V energizes 
K13 coil through the closed check reset switch. 
With check reset open, K13 de-energizes and 
K13-2 drops (latch) and K13-1 drops. K2 is now 
energized by the +24V control voltage and the 
system is ready for a normal power up sequence. 


The preceding description can be used similarly for 
-4V OV/OC, -4V UV, and +6V OV/OC power 
failures. Only different supplies and relays are in- 
volved. 


A +6V UV power failure does not cause abrupt 
system power down. Instead, special solid state 
circuits sense the +6V regulator output and, if 
+5.7 Vdc or lower is sensed, coil K6A is energized. 
Relay K6A-1 picks and causes K15 to energize. 
Then K15-4 picks and de-energizes K9, K9A, and 
K9B. This relay drops ac power to the 1/O devices, 
which causes K10 and K11 to drop. The PWR CHK 
light comes on, but the system does not power 
down since +24V control is not interrupted to K3 
or K2. 


Undervoltage control circuits are used to ensure 
that: 


a) +6V is removed when the +6V output falls 
below +5.3 Volts. 


b) -4V is always present when +6V is present in 
the 5424, or CPU logic gate. 


If the above is not controlled, damage results in 
1/O device control circuits and electro-magnetic 
components. 


Normally a power supply itself cannot cause an OC 
failure. If an OC condition prevails, an 1/O device, 
logic circuits, or cables have caused the failure. If 
the supply is abnormally overloaded, an OC condi- 
tion prevails over an UV condition. Even though 
the regulated supply voltage may drop, normally 
the OC sensing by the regulator has powered the 
system down before UV can be detected. 


pe) A thermal check, caused by one of the fol- 
lowing overheated areas, causes the system to 
power down in a sequential manner rather than 
abruptly. 


Thermal check example: System is in a normal 
power on state. 


1. A thermal switch opens from an overheating 
condition. 


2: +24V is interrupted to K2 coil, K2 de- 
energizes. 


3: K2-3 and K2-4 transfer. 


4. K2-3 interrupts +24V to K9, K9A, and K9B 
(1/O supplies power down) and passes +24V 
to the thermal light. 


5. K2-4 transfers, and K3 is held energized 
through K10-1 and K11-1 until both the +24V 
power supply and the +60V power supply 
are down. 


6. System powers down as a normal power down 
sequence, except that the TH CHK light is on. 


If the POWER switch is set OFF, the TH CHK 
light stays on if the thermal fault still exists. If 
the fault is corrected, moving the switch to OFF 
allows K2 to be energized again and the TH CHK 
light goes off. 
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THERMAL AND POWER CHECKS 


Power Check and Thermal Check Indicators 


The PWR CHK light comes on during the power on 
sequence and goes off when the power on sequence 
is completed. It also lights with the TH CHK light 
(see chart below) when an overtemperature condi- 
tion occurs or whenever any power trouble is 
present. 


A ‘power on reset’ occurs every time the PWR CHK 
lights. PWR CHK stays off if the 24 Vdc output of 
the control transformer/rectifier pack (T/R Pac) is 
missing. 


POWER ON/ 

OFF Switch Power Check Ind 
Internal Power 

Supply Malfunction 


Thermal 
Condition 


Customer Power 
Source Loss 


Emergency Power Off 
(EPO) Activated 


Thermal Ind 





. Turn power off. 
. Correct problem. 
. Press check reset. 
. Turn power on. 


. Turn power off. 
. Power check indicator 


goes off. 


. Thermal light stays 


on until condition is 
removed. 


. Turn power off. 
. All indicators turn off. 
. Turn power on and 


continue operation. 


. Turn power off. 

. Correct problem. 

. Restore EPO interlock. 
. Turn power on. 





Test Points (TPs) 
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Type of Failure 
If TP = 24 Vdc 
(Nominal) 






Power 
Supply Checked 


ee 


Sequence 


Test 
TP4 Sequence -4V #8 logic supply 
(Feat) B gate 


— 


storage power 
Sequence 


supply 
TP10 Ov/OC 


TP1i OVv/OC 

TP12 OvV/OC 

TP13 Ov/OC 
UV 


Sequence +3V feature supply 
| (2560) 





















-4V #1 logic supply 
(A gate) 


-4V #2 logic supply 
(B gate) -5V logic 
supply (BSCC only) 


Test points (TPs) are on the power control box. 
When a voltage failure occurs, check these test 
points in numerical sequence to determine the 
voltage that failed. 





If the power on sequence is not completed, the 
PWR CHK light remains on and the TPs from TP2 
to TP9 indicate where the sequence stopped. 


For example, a +6V regulator sequencing failure 
is indicated if TPs 2-4 were zero volts and +24V 


4 4 
appeared at TP5. 5415/5424 


(+24V basic) 5421 
(+60V PS1, -12V, 
+6V, +60V 

multilevel) 


The machine powers down in any of the condi- 
tions detected in TP10-14. Twenty-four volts is 
readable in TP10-14 until CHECK RESET is 
pressed. Loss of either the -4V or +6V while the 
machine is running powers down the system and 
+24V is present at TP10-14. Loss of +24V while 
the machine is running does not cause power down 
but activates ‘power on reset’ stopping operation 
of the machine. 





5421 (+60V supply 
SNS circuit) 












Feature supply (-12V 
supply or +12V supply) 


-4v #3 logic supply 
(Feature) B gate 


For example, an overvoltage/overcurrent failure 
in the -4V No. 1 regulator occurred if +24V ap- 
peared at TP12. 


-4v #2 logic supply 
(B gate) -5V logic 
supply (feature) 






-4V #1 logic supply 
(A gate) 







+6V supply 
-4V #1 logic supply 
(A gate) 
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System Sequencing and Sensing Relays 








This is a simplified diagram of the system sequenc- 
ing and sensing relays. 
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Sequence 
-6V UV Pick 
K11-1 O-K K15-4 
Oa AC to 3277 ee Pwr On Res 
a b KOK s +6V to 6V 
—— UV Detect 
YA103 
YA315 
Lamp & Meter 
p YA102B 
Convenience 
Outlets. Thermal AC to Bulk eros 
Pwr On (5421) 











Power On Sequence 


K1 picks if the interlock between the CPU and 
5421 is complete and the 24V control voltage is 
present through the EPO switch. A quick service 
check for this 24V control voltage power supply 
can be made by pressing LAMP TEST while power 
is off and observing the TH CHK and PWR CHK 
lights. If they light, the 24V supply is functioning. 


K2 picks if the CPU, 2560 (if installed), and 5421 
thermals are closed, and all fault relays are de- 
energized. 


Note: K1 and K2 pick with the POWER switch 
on or off. 


K3 picks when the POWER switch is turned ON. 


K12 picks when the power on sequence is com- 
plete. 


Abnormal Power Off 


The five causes for an abnormal power off sequence 
are: 

Overvoltage (OV) 

Overcurrent (OC) 

Undervoltage (UV) 

Thermal (overheating — normal power off 
sequence) 

5. Emergency power off (EPO) switch opened 


So 


Overvoltage and Overcurrent Power Off 
Sequence 


Whenever an overvoltage or an overcurrent condi- 
tion is sensed, one of the OV/OC relays, K13, K14, 
K16, or K18 is picked. Energizing an OV/OC re- 
lay results in de-energizing contactor K3. De- 


erergizing contactor K3 removes power from the 
logic and main storage supply. 


- On an abnormal power off, the power check indi- 


cator turns on to indicate a failure. Test points 
indicate the power supply that failed. The ener- 
gized OV/OC relay contacts hold the relay ener- 
gized until CHECK RESET is pressed with the 
POWER switch OFF. 


After an overvoltage, overcurrent, or an under- 
voltage failure, CHECK RESET must be pressed 
with the POWER switch set OFF to de-energize 
the OV/OC/UV relay and to allow a power on se- 
quence. 


Undervoltage Power Off Sequence 


Only the -4V and the +6V outputs sense for under- 
voltage conditions. If the -4V No. 1 regulator UV 
circuit senses an undervoltage condition, the -4V 
UV circuit (a separate card) immediately signals 
the +6V regulator to short via the SCR across the 
+6V regulator output. This is a +6V simulated 
overcurrent condition and the OV/OC/UV relay 
K14 energizes. The K14-2 contacts removed +24V 
from contactor K3. Contactor K3, in turn, re- 
moves power to the logic and main storage bulk 
supply. This results in an immediate system 
power off. 


Because K14 OV/OC/UV relay energizes, +24V is 
present at TP13 to indicate a +6V power failure. 
However, a +6V overvoltage, a +6V overcurrent, 

or a -4V undervoltage could cause the failure con- 
dition (see MAPs, Maintenance Analysis Procedures). 


Thermal Power Off Sequence 


A thermal condition causes relay K2 to be 
de-energized. The K2-3 contacts turn on the TH 
CHK light to indicate overheating. Power then 
sequences off the same as a normal power off 
sequence by opening the power switch circuit. 


The TH CHK tight and the PWR CHK light are 

on when the system power off sequence ends. 
Turning the POWER switch OFF turns off the 
PWR CHK light. The TH CHK light remains on 
until the over-temperature condition has been 
corrected and the POWER switch has been turned 
OFF. Power can then be restored to the system 
by turning the POWER switch ON. 


Emergency Power Off 


Pulling the emergency power off switch removes 
+24V to K1, K2, K3, etc causing system power 
to drop immediately. 


Note: \In anormal system power off state, TP2 
will read +24 Vdc. Because of a system power 
failure (power check), +24 Vdc measured on TP2 
indicates the -4 Vdc failed to sequence on. 
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COIL/RELAY FUNCTIONAL DESCRIP- 
TIONS 


The coils/relays described below are classified into 
two groups: sequence relays or fault relays. Se- 
quence relays allow the system to sequentially 
power up or power down. Fault relays identify 

a failing power supply and, in some cases, cause the 
system to abruptly power down to avoid circuit/ 
component damage. 


Sequence Relays Fault Relays 
K1 REE 
K1 (I/O P/S) K2 (thermal) 
*K2** (+12V sense) 

MLTA/BSCA 


K3 (bulk power) 

*K5 (-4V No. 1 sense) K6A (+6V UV) 

*K6 (+6V sense) K12 (power check) 

*K8 (main storage sup- AK13 (-4V OV/OC) 
ply sense) 

K9 (1/0 supply and AK14 (-4V UV or 
+24 Vdc power +6V OV/OC) 
supply input) 

K9A (115 Vac distribu- 
tion) 

K9B (41 Vac and 7.25 
Vac distribution) 


*K10 (+24V sense — K15 (+6V UV or +3V 
5415/5424 sense) 

*K11 (+60V sense — AK16 (-4V No. 2 
5421) OV/OC) 

K12 (power supply up AK18 (-4V No. 3 
sense) OVv/OC) 


*K17 (-4V No. 2 sense and -5V regulator) 


*K19 (-4V No. 3 sense) 

*K30 (-12V sense) with 
medium speed BSCA/BSCC 
and not MLTA 


*These relays are also fault relays because they 
identify the failing power supply. 


**This K2 is located in +12V supply, and not in 
the sequence control box. 


***This K1 is located on the -5 Vdc power supply 
and is a sense relay. 


AThese relays cause an abrupt system power off; 
all others do not. 


Note: K4 and K7 are not used. 


Convenience Outlet (YA102) 


@ Pick 
— 24V control voltage power up 
— EPO switch closed (pushed in) 


@ Drop 
— EPO switch opened (pulled out) 
— Loss of 24V control voltage 


e Function 
K1-1, 2 provides control of 115 Vac to system 
convenience outlets. 


-5V Sense 


@ Pick 
— At about 5V when -5V regulator is powered 
up 


® Drop 
— Loss of -5V 
— K17 dropping 


® Function 
— Protects the FET substrate 
— Gives a TP3 indication when failure occurs 
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Thermal Relay, Relay Panel (YA102) 


e Pick 
— System in normal power off state 
— All thermal switches closed 


e Drop 
— Any system thermal open 


e Function 
— K2-1 not used 
— K2-2 not used 
— K2-3 

a. Provides hold voltage for K2 coil when 
POWER is ON. 

b. Interrupts hold current to K9, K9A, K9B 
coils and drops power-on signals to 5421 
and 3340/3344 devices on a thermal fault. 

c. Provides power to the TH CHK indicator 
light when a thermal fault is detected. 

d. Provides input voltage to main storage 
supply sequence card. 

— K2-4 

a. On normal sequence on, provides a path 
to allow K3 to pick if no thermal fault 
is present. 

b. Provides for sequential shutdown of K3 
on a power fault condition. 

c. Inhibits -4V UV sense after a thermal 

fault. 
. Drops power-up signal to main storage 
supply. 


Qo 


+12V Supply Sense, Located on Power 
Supply (MLTA/BSCA-Y A140) 


e Pick 
— When the MLTA +12V supply output is ap- 
proximately +12 Vdc. 


e Drop 
— Loss of either +12V or -12V output. 


e Function 
— K2-2 
a. Provides a path for +24V to TP9 when 
+12V supply is not up. 
b. Provides the +12V link in the power com- 
plete sequence chain. 


Note: The +12 Vdc supply is required when the 
MLTA feature is installed. This supply is also 
used with BSCA and not MLTA if the BSCA 
feature contains the 1200 bps integrated mo- 
dem. This supply is not required if BSCA with- 
out 1200 bps modem is installed (BSCA and/or 
BSCC without this modem uses -12 Vdc only). 


COIL/RELAY FUNCTIONAL DESCRIP- 
TIONS 


AC Voltage to Bulk Power Supply 
(YA102) 


e Pick 
— Transferring the power switch (section A) 
after being in a normal power off state. 


e Drop 
~ — A-AV OV/OC power fault 
— A-4V UV or +6V OV/OC power fault 
— Loss of +24V. +60V levels after a thermal 
fault. 
— Loss of +24V. +60V levels after transferring 
the power switch to the “OFF” position. 


e Function 
— K3-1, 2, 3 controls ac distribution to all 
CPU bulk supplies: 
a. No. 1 logic -4V/-5V/+6V/-30V and 25 
Vac to -/+12V supply 
. No. 2 logic -4V 
. No. 3logic-4V0 
. Main storage power supply +8.5V/+3.4V 
-6V expansion +6V 
+3V 2560 +3V 
. +8.5V +3.4V expansion main storage 
power supply 


earvnange 


Note: The outputs of the +6V regulator, +8.5V 
regulator, and +3.4V regulator have additional 
controlling functions. 


— Provides ac voltage to all CPU cooling fans. 


—4V No. 1 (A gate) Sense (YA102A) 


e Pick 
— -4V No. 1 (A gate) output at approximately 
4 Vdc 


e Drop 
— Loss of -4V No. 1 (A gate) output 


e Function 
— K5-1 
a. Provides path for +24V to TP2 when -4V 
No. 1 (A gate) level is not up. 
b. Provides control of the PWR CHK light 
during power down sequence. 
c. Provides the -4V No. 1 (A gate) link in 


the power complete (K12) sequence chain. 


— K5-2 
a. Provides the -4V No. 1 (A gate) link in 
“the start up control for the +6V regula- 
tor. 


+6V (+5V for BSCC only) Sense 
(YA102A) 
@ Pick 
— +6V/+5V output at approximately +6 Vdc 


e Drop 
— Loss of +6V output 


@ Function 
— K6-2 provides the +6V up-link of the chain 
required to energize K9, K9A, and KQB re- 
lays that provide ac voltage to I/O devices 
attached to the system. 
— K6-3 provides voltage to -4V UV sense cir- 
cuit. This line ensures that a -4V UV fault 
will not be sensed before the +6V supply is 
up. 
— K6-4 
a. Provides a path for +24V to TP5 when 
+6V level is not up. For +24V to appear 
on TP5, all -4V supplies, -12V or +12V 
supply, and +3V 2560 supply (if installed) 
must be up. 

b. Provides the +6V link in the power com- 
plete sequence chain. 


+6V UV Detect (YA102B) 


e Pick 
— Loss of +6V output while system is in a nor- 
mal power on state. 


e Drop 
— +6V power restored 


e Function 
— K6A-1 provides path for picking the +6 UV 
fault relay (K15) when system is in a nor- 
mal power on state, and a +6V undervoltage 
is detected. 


Note: K6A is energized with +24V only 
when the ground side of this coil is connected 
to ground. Transistors Q1 and Q2 sample 
the +6V regulator output and if +6V is avail- 
able, Q1 and Q2 do not conduct and Q2 pre- 
sents an open circuit to the ground side of 
K6A and inhibits this coil from being ener- 
gized. If +6V is not available, transistors Q1 
and Q2 conduct and the ground side of K6A 
is at ground potential and allows K6A to be 
energized. This causes K15 fault relay to 
pick which, in turn, causes a power check 
(K9 drops, K10 drops, K12 drops, PWR 
CHK light on). 


Main Storage Supply Sense (_YA102A) 


e Pick 
— +8.5V output at approximately 8.5 Vdc 


e Drop 
— Loss of +8.5V output 


e Function 
— K8-1 provides the +8.5V required to ener- 
gize K9, K9A, and K9B relays that provide 
ac voltage to the I/O devices attached to the 
system. 
— K8-2 
a. Provides a path for +24V to TP6 when 
+8.5V level is not up. For +24V to ap- 
pear on TP6, all -4V supplies, -12V or 
+12V supply, +3V 2560 supply (if in- 
stalled), and +6V supply must be up. 
b. Provides the +8.5V link in the power 
complete sequence chain. 


Note: The +8.5V supply depends on the 
+3.4V supply being up. The +3.4V supply 
is not associated with any relay coil. How- 
ever, the availability of this voltage provides 
a start-up to the +8.5V supply. Hence, both 
must be up before K8 can pick. 


MEH 1/0 AC Power (YA101 and YA102) 


e Pick 
— +6V power up and +8.5V power up 


e Drop 
— Any OV/UV/OC fault on -4V or +6V 
— Thermal fault 
— POWER switch being set OFF 
— Loss of the +8.5V level when in a normal 
power up state 


@ Function 
— K9-1,2,3 controls ac voltage distribution to 
the +24 Vdc power supply and the following 
1/O devices: 
a. 2560 
b. 5424 
c. 2501 
d. 1442 


Note: Primary power for the 2560 is supplied 
by the 5421 on all 60 Hz and 200 Vac 50 Hz 
systems. © hse 2 


EZ 1/0 AC Power (YA101 and YA102) 


e Pick 
— +6V power up and +8.5V power up 


e Drop 
— Any OV/UV/OC fault on -4V or +6V 
— Thermal fault 
— POWER switch being set OFF 
— Loss of the +8.5V level when in a normal 
power up state 


@ Function 
— K9A-1, 3 controls ac power distribution to 
the 3277 and 3284. 


SEW 7.25 Vac and 41 Vac Distribution 
(Lamp and Meter — YA102) 


e@ Pick 
— +6V power up and +8.5V power up 


e Drop 
— Any OV/UV/OC fault on -4V or +6V 
— Thermal fault 
— POWER switch being set OFF 
— Loss of the +8.5V level when in a normal 
power up state 


e Function 
— K9B-1 controls distribution of the 7.25 Vac 
power to the indicator lamp bus. 
— K9B-2 controls distribution of the 41 Vac 
power to the meter control card. 


ate 1/0 Power Sense (YA102A) 


@ Pick 
— All 5421 power supplies (+60V MFCU, +60V 
PS1, +6V, and -12V) and 5415/5424 +24V 
power supplies are up. 


e Drop 
— Loss of any 5421 power supply (+60V 
MFCU, +60V PS1, +6V, or -12V) 
— Loss of 5415/5424 +24V power supply. 


e Function 
— K10-1 
a. Provides path to hold K3 energized after 
a thermal fault or setting the POWER 
switch OFF. 
b. Provides path to supply +24V to regula- 
tor for main storage supply sequence/ 
sense circuits. 


— K10-2 

a. Provides a path for +24V to TP7 when 
+24V in 5415/5424 or one of the 5421 
5421 supply levels is not up. For +24V 
to appear on TP7, all-4V supplies, -12V 
or +12V supply, +3V 2560 supply (if 
installed), +6V supply, and +8.5V sup- 
ply must be up. 

b. Provides the +24V and all 5421 supplies 
link in the power complete sequence 
chain. 


RSE +60V Sense (YA102A) 


e Pick 
— +60V supply in 5421 up to approximately 
+60V 


e Drop 
— Loss of +60V output 


e Function 
— K11-1 

a. Provides a path to hold K3 energized after 
a thermal fault or setting the POWER 
switch OFF. 

b. Provides a path to supply +24V to regu- 
lator for main storage supply sequence/ 
sense circuits. 

— K11-2 

a. Provides a path for +24V to TP8 when 
+60V in 5421 is not up. For +24V to 
appear on TP8, all —4V supplies, —12V/ 
+12V supply, t+3V 2560 supply (if in- 
Stalled), +6V supply, +8.5V supply, +24V 
in 5415/5424, and all 5421 supplies must 
be up. 


Note: Because loss on any 5421 supply 
that includes +60V also controls TP7, 
TP8 should never indicate +24V unless 
the sense circuit itself is failing. 


b. Provides the +60V link in the power com- 
plete sequence chain. 


Note: While it appears that K10 and K11 
have duplicate functions, the holding on of 
K3 until +60V to the MFCU is down (K11-1 
n/o) is sufficient justification for K11 being 
present. 
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COIL/RELAY FUNCTIONAL DESCRIP- 
TIONS 


Power Sequence Complete 


@ Pick 


All -4V power supplies sensed up (K5, K17, 
K19), -12V or +12V power supply sensed 
up (K30, K2 in MLTA supply), +3V power 
supply sensed up (K12), +6V power supply 
sensed up (K6),+8.5V power supply sensed 
up (K8), +24V in 5415/5424 and all 5421 
supplies sensed up (K10), and +60V power 
supply in 5421 sensed up (K11). 


e Drop 


Loss of any of the above supply outputs 


— OV/OC fault on -4V or +6V levels 


UV fault on -4V levet 


e Function 


K12-1 

a. Provides power sequence complete to 
5421 and 5424. 

b. Provides +24V to 2560 switch lines (2). 

c. Provides control line to 3411. 

K12-2 

a. Provides +24V to PWR CHK light with 
POWER switch ON and K12 not picked, 
or with POWER switch OFF though K12 
not picked and -4V No. 1 supply (K5) 
still up. 

K12-3 

a. Enables picking of +6V UV fault relay 
(K15) but only after power sequence is 
complete (inhibits a +6V UV fault during 
a normal power up and power down 
sequence). 

K12-4 

a. Disables ‘power on reset’ signal to CPU 
(clock 9 no longer on). 


-4V No. 1 (A gate) OV/OC Fault 


e Pick 


An overvoltage or overcurrent condition de- 
tected by -4V No. 1 (A gate) regulator. 


e Drop 


Pressing CHECK RESET with the POWER 
switch OFF. 


e Function 
— K13-1 


a. Provides a path for +24V to TP12. 
b. Provides control of distribution of +24V 
to all sequence control circuits. 


— K13-2 


a. Provides a hold path for K13 requiring a 
manual reset to clear the fault indicator. 


-4V No. 1 (A gate) UV or +6V (+5V 


for BSCC only) OV/OC Fault 


e@ Pick 
— An overvoltage or overcurrent condition 


detected by the +6V regulator. 


— An undervoltage condition detected by the 


-4V No. 1 (A-gate) UV sense circuit. 


e Drop 
— Pressing CHECK RESET with the POWER 


switch OFF. 


e Drop 
— Pressing CHECK RESET with the POWER 


switch OFF. 


e Function 
— K14-1 


a. Provides a hold path for K14 requiring 
a manual reset to clear the fault indica- 
tor. 


— K14-2 


a. Provides a path for +24V to TP13. 
b. Provides control of distribution of +24V 
to all sequence control circuits. 


— K14-3 not used. 
— K144 


a. Inhibits picking of K15 when K14 is 
picked. 


Note: K14-4 and K15-1 are used to prevent 
picking two fault relays when a power fault 
(OV/OC) occurs. When the system abruptly 
powers down and K3 is dropped, a race con- 
dition (to power down) exists for the -4V 
and +6V supplies. K14-4 and K15-1 elimi- 
nate erroneous test point indications. 


K24 9 K21, 








+6V (+5V for BSCC only) UV Fault 


K15 is used as a +6V UV detection sense relay and 
as a +3V sequence sense (2560 feature) relay. 


Pick 

— A UV condition causing K6A-1 n/o points 
to close with power complete (K12-3 n/o 
points closed) and no -4V UV fault or +6V 
OV/OC fault (K14-4 n/c points closed). 

Drop 

— Pressing CHECK RESET with the POWER 
switch OFF. 

Function 


K15-1 

a. Inhibit +24V to TP7 on +6V UV condi- 
tion. 

K15-2 

a. Provides a path for +24V to TP14. 

K15-3 

a. Provides a hold path for K15 requiring a 
manual reset to clear the fault indicator. 

K15-4 

a. Provides control of +24V to K9, K9A, 
and K9B coils and power up signal to 
5421. 


-4V No. 2 OV/OC Fault 


e@ Pick 
— An overvoltage or overcurrent condition de- 
tected by —4V No. 2 regulator. 


e Drop 
— Pressing CHECK RESET with POWER switch 
OFF. 


e@ Function 
— K16-1 
a. Provides a path for +24V to TP11. 
b. Provides control of distribution of +24V 
to all sequence control circuits. 
— K16-2 
a. Provides a hold path for K16 requiring a 
manual reset to clear the fault indicator. 


-4V No. 2 Sense and -5V Sense 


@ Pick 
— -4V No. 2 output at approximately -4 Vdc 
and K1 picked due to -5V supply being up 


® Drop 


— Loss of -4V No. 2 output 
— Loss of -5V output 


e@ Function 
— K17-1 
a. Provides the -4V No. 2 link in the start- 
up control for the +6V regulator. 


— K17-2 
a. Provides a path for +24V to TP3 when 


-4V No. 2 level is not up. For +24V to 


appear on TP3, -4V No. 1 (A gate) and 
~4V No. 3 supplies must be up. 

b. Provides the -4V No. 2 link and a -5V 
link in the power complete sequence 
chain 


-4V No. 3 OV/OC Fault 


@ Pick 
— An overvoltage or overcurrent condition de- 
tected by -4V No. 3 regulator. 


e Drop 
— Pressing CHECK RESET switch with POWER 
switch OFF. 
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@ Function 


K18-1 

a. Provides a path for +24V to TP10. 

b. Provides control of distribution of +24V 
to all sequence control circuits. 

K18-2 

a. Provides a hold path for K18 requiring a 
manual reset to clear the fault indicator. 


Ea -4V No. 3 Sense 


e Pick 
— -4V No. 3 output at approximately -4 Vdc 


e Drop 
— Loss of -4V No. 3 output 


e Function 
— K19-1 


a. Provides the -4V No. 3 fink in the start- 
up control for the +6V regulator. 


— K19-2 


a. Provides a path for +24V to TP4 when 
-4V No. 3 level is not up. For +24V to 
appear on TP4, -4V No. 1 (A gate) sup- 
ply must be up. 

b. Provides the -4V No. 3 link in the power 
complete sequence chain. 


B Gate FET Protect 


@ Pick . 
— -4V No. 2 power supply output at approx- 


imately -4 Vdc. 


@ Drop 
— Loss of -4V No. 2 power supply output. 


@ Function 
— K20-1 


a. Prevents basic main storage power 
supply from operating if the -4V No. 2 
power supply does not power up or if it 
powers down abruptly. 


COIL/RELAY FUNCTIONAL DESCRIP- 
TIONS 


B Gate FET Protect for No. 3 
Feature Power Supply 


@ Pick 
— -4V no. 3 feature power supply output at 
approximately -4 Vdc 


@ Drop 
— Loss of -4V no. 3 feature power supply 
output. 


@ Function 
— K21-1 
a. Prevents basic main storage power supply 
from operating if -4V No. 3 power 
supply does not power up or if it powers 
down abruptly. 
b. Installed only if +8.5V and +3.4V are 
used on channel bank no. 3. 


cez3 Expansion Main Storage Power 
Supply (Feature) 


@ Pick 
— +8.5V expansion main storage power 
supply powered up. 


@ Drop 
— Loss of +8.5V expansion main storage 
power supply output. 


@ Function 
— Prevents the basic main storage power supply 
from powering up until after the expansion 
main storage power supply has powered up 


L<it} ©=-12V Supply Sense (BSCA/BSCC) 


@ Pick 
— The BSCA/BSCC -12V supply output is at 
approximately -12 Vdc. 


@ Drop 
— Loss of -12V supply output 


@® Function 
— K30-1 
a. Provides a path for +24V to TP9 when 
the -12V supply is not up. 


b, Provides the -12V link in the power com- 


plete sequence chain. 


Note: |f MLTA and BSCA features are in- 
stalled, a +12V supply is installed instead of 
the -12V supply. In that case, K2 is used 
to sense its output. 
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APPENDIX A. CROSS REFERENCE inte 


FEALD — CARD CROSS-REFERENCE LIST 


Program check registers 
Rotary bit switches 
Run controls 


SAR card 

Store data LSR lo assembler to A register 
Timer 

Use meter 


Board/Card | FEALD FETMD 


A and B registers 2-20, 2-21 
ALU 2-8 

Aux ALU 2-23 

ALU controls 2-15 

CE mode 7-8 
Channel bank 2 terminators 4-005 





Channel bank 3 terminators 4-005 


Channel entry/exit 
Channel in 
Channel out 

Clock controls 
Clock indicators 
CPU to storage 
Cycle controls 
DBO bank 2 


DBO bank 3 


Display selector drum 
Drum indicators 
External address gate 
Halt 1D Circuits 

Halt 1D Indicators 
Initial memory scan 
Instruction and program check control 
Interrupt card 

Interval timer 

Interval timer oscillator 
LSR card 

LSR controls 


LSR select bank 2 

LSR select bank 3 

LSR select and operator indicators 7-7 
Machine cycle indicators 7-4 
Main storage 3-1 
Meter control me 
Miscellaneous console 7-1 
Op and O registers 2-41, 2-44 
Oscillator 2-1 
PMR 2-28 
Processor check latches and display 1-8 
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LOGIC CARD REFERENCE 


Board A-B2 (pin side) 


a Channel 1 In 


Channel 1 Out ie Channel 1 Out| | 


e Channel 1 In F 
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Channel 2 Channel! 3 Channel 2 Channel 3 
Out TLD Out TLD In TLD In TLD 
LSR Select Bank 3 Channel 2 Channel 3 
In TLD In TLD 


Channel Out 


Channel In 


Board A-B3 (pin side) 


Timer and Unit 


Halt 1D indi 
Record Restart ndicator 


Timer 


Oscillator 
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LSR Control 
Auxiliary ALU 
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[| 
N 
az 


Misc Switches 
and Lights 


N oO z+ w © 


A-2 


index 


A (add to register) 5-46 
Acycles 5-14 
A-register and controls 2-20 
A/B register parity checking 2-22 
ac power 8-2 
add logical characters (ALC) 5-15 
add to register (A) 5-46 
add zoned decimal (AZ) 5-20 
add-on regulator 8-11 
address bit generation, |/O LSR 2-38 
address bit switch 7-9 
address compare light 7-7 
address compare switches 7-10 
Ecyclestop 7-10 
Icycle stop 7-10 
address increment switch 7-9 
address parity check 2-57 
address selection, main storage 3-8 
address translate table 2-54 
address violation check 2-56 
addressing 1-12 
addressing main storage checks 3-6, 3-8 
addressing, BSM_ 3-7 
addressing, main storage 2-54 
advance program level (APL) 5-80 
ALC (add logical characters) 5-15 
alter ATT/PMR_ 6-12 
alter SAR 6-14 
alter storage 6-5 
ALU 
auxiliary 2-23 
card check, auxiliary 2-24 
controls 2-15 
description 2-8 
parity checking 2-18 
P-bit generation 2-12 
APL (advance program level) 5-80 
auxiliary ALU 2-23 
auxiliary ALU card check 2-24 
auxiliary B register 2-25 
AZ (add zoned decimal) 5-20 


Bcycles 5-14 

B gate -4V feature logic supply no.3 8-12 
B gate -4V logic supply no.2 8-12 

B register, auxiliary 2-25 

B-register and controls 2-21 


basic -4Vdc no. 1 supply 8-11 
basic unit, power distribution 8-3 
BC (branch on condition) 5-51 
binary 
addition 2-11 
subtraction 2-10 
branch on condition (BC) 5-51 
branching 1-13 
BSCA step key 7-7 
BSCA/LCA control panel 
BSCA/LCA local test switch 7-9 
BSM addressing 3-7 
BSM write operation 3-4 
bulk power supplies 
no.1,2,and3 8-6 
+6V expansion 8-13 
bypass resistors 8-11 
byte control, main storage 3-6 


card check, auxiliary ALU 2-24 
carry check, ALU 2-19 
CCP (command CPU) 5-67 
CE controls 7-7 
CE switches 
key switch 7-7 
mode selector switch 7-8 
channel 4-005, 4-010 
channel DBO parity 4-120 
channel interface 4-005, 4-010 
channel lines 4-100 
channel terminators 4-005 
check ALU 2-17 
extended SAR address bits 2-55, 7-9 
channel terminate feature 1-5 
check bit generation, main storage 3-6, 3-10 
check reset key 7-7 
checks and adjustments 8-3 
CLC (compare logical characters) 5-16 
clock indicators 7-4 
coil/relay functional description 8-26 
command CPU (CCP) 5-67 
command instructions 5-63 
compare logical characters (CLC) 5-16 
Condition register 2-23 
console switches 4-110 
conversion 
decimal to hexadecimal 1-10 
hexadecimal to decimal 1-10 


CPU 
clock 2-1 
data flow 1-8 
DBO parity 4-125 
LSRs 2-28 
timing 1-7 
cycle controls 2-2 
cycle steal priority 5-72 


data flow 
CPU 1-8 
main storage 3-3 
data format 1-10 
data transfer, |/O cycle 5-71 
DBI and translator 4-115 
DBI parity 4-130 
DBI translator 4-095 
DBO 
parity 4-120, 4-125 
translator 4-095 
DBO and translator 4-107 
dc bulk power supplies 8-6 


dc power 8-2 
decimal 
addition 2-13 


subtraction 2-11 
display adapter 1-5 
display check bit switch 7-9 
display SAR/MSAR_ 6-18 
display storage 6-8 


ECC (error checking and correction) 3-10 
ED (edit) 5-26 

edit (ED) 5-26 

emergency power off (EPO) switch 7-1 
EPO switch 7-1 

error checking and correction (ECC) 3-10 
error classification logic, main storage 3-11 
errors 1-7 

execute cycles 5-14 

expansion main storage power supply 8-16 


fast | cycles 1-7 
fault relays 8-9, 8-30 


FEALD/card cross reference list A-1 
fetch data register andcontrol 3-9 
file control panel 7-2 


halt program level (HPL) 5-66 
HPL (halt program level) 5-66 


Icycles 5-3 
l-op cycle 5-3 
1/0 


attention light 7-3 
check light 7-7 

check switch 7-9 

cycle 5-70 

cycle datatransfer 5-71 
cycle steal 1-13 
instructions 5-68 
interface 4-005, 4-010 
interface lines 4-100 
LSRs 2-32 

LSR select check 2-40 
LSR 17th and 18th bit 2-55 
overlap switch 7-9 


IH cycles 5-7 
IL cycles 5-7 
indexing 5-10 


initial memory scan 6-4 
initial program load (IPL) 6-1 
input power requirements 8-3 
insert and test characters (ITC) 5-30 
instruction and signal reference 5-1 
instruction cycles (fast | cycles) 5-2 
instruction format 1-11 
interrupt 
priority 2-49 
not ready to ready 2-59 
request 2-51 
routines 1-13 
interrupt level light 7-4 
interrupt mask 2-49 
interrupts 2-49 
interval timer 2-52 
introduction 
processor 1-6 
system 1-1 
invalid address check 2-58 


invalid device address 4-120 

invalid op code check 2-43 

invalid Q 4-120 

IPL (initial program load) 6-1 
lOcycle 5-3 

IR cycle 5-63 

ITC (insert and test characters) 5-30 
IX cycles 5-10 


JC (jump on condition) 5-65 
jump on condition (JC) 5-65 


key switch, CE 7-7 


LA (load address) 5-50 
LCA/BSCA control panel 7-6 
LCP (load CPU) 5-53 
LIO (load 1/0) 5-73 
Load ATT flowchart 5-56 
load address (LA) 5-50 
load CPU (LCP) 5-53 
load 1/0 (LIO) 5-73 
load, store CPU flowcharts 5-54 
local storage registers (LSR) 2-30 
locations, power supply 8-4 
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